Searching PAJ 



1/2 ^— V 



PATENT ABSTRACTS OF JAPAN 

(1 DPublication number : 2000-199827 
(43)Date of publication of application : 18.07.2000 



(51)lnt.CI. 



G02B 6/122 
HOIS 5/026 



(21) Application number : 11-120631 

(22) Date of filing : 27.04.1 999 



(71) Applicant : SONY CORP 

(72) Inventor : OKUHORA AKIHIKO 

OGAWA TAKESHI 



(SOPriority 

Priority number : 10306090 



Priority date : 27.10.1998 Priority country : JP 



(54) OPTICAL WAVE GUIDE DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical wave 
guide device having an optical waveguide warranting a 
high optical propagation characteristic regardless of a 
kind of a support pedestal and its manufacture. 
SOLUTION: This optical wave guide device is provided 
with a multilayer wiring substrate 2. an optical waveguide 
1 1, a light receiving element 21, IC chips 25, 35 and a 
light emitting element 31 arranged on the multilayer 
wiring substrate 2. Since the optical waveguide 1 1 is 
formed on a flat transparent substrate, and is 
transferred onto the multilayer wiring substrate 2. it has 
an advantage such as a less optical propagative loss. At 
this time, a signal to be transmitted at high speed is high 
speed transmitted as an optical signal, and the signal 
allowed to be transmitted at a relatively low speed is 
transmitted as an electric signal. Thus, the propagative 
delay of the signal becoming a problem in the case of 
transmitting only by the electric signal is dissolved, and 
the danger receiving an effect of an electromagnetic 
noise is reduced. 
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CLAIMS 



(Ciaim(a)] 

[Claim 1] Photoconductive wave equipment characterized by having a substrate and the optical 
waveguide which arranges and fixed on said substrate while being beforehand formed separately 
so that a lightwave signal coutd spread the interior. 

[Claim 2} Photocor>ductjve wave equipment acconfing to claim 1 dtaracterixed by-forming 
electric wirir^ in said substrate. 

(Cbim 3] Furthermore, photoconductive wave equipment accor<Sng to cbim 1 characterized by 
havir^ at least one side of the photo detector for chan^g the light emitting device or Gghtwave 
signal for charing an electrical »gnal into a Cghtwave signal into en electrical sigrud on said 



[Claim 4] Furthermor e . photocor>ductive wave equipment accor<£ng to claim 3 characterized by 
having an integrated circuit for delivering and receiving an electrical sigrtal between { or«e / at 
least ] said Rg^t emitting device or said photo detector on said substrate. 
(Claim 5} For said substrate, said optical wavepjide is photoconductive wave equipment 
aecordng to clwn t characterized by bdng formed on other difTerent substrates and imprinting 
on said substrate from a substrate besides the above. 

[Claan 6] Said optical «nveguide is photoconductive wave equipment according to clavn 1 
f^iaraetarixed by h8vir« the reflex section which has mther ( at least ] the furtcticn which 
an end n made to retBeet the S^it«*ave signal from the outside, and is introffcjced into it in said 
optical wavepiide at least, or the function whidf is made to reflect the Kghtwave signal which 
has spread tfte inside of said optical waveguide, and is derived out of said optical waveguide. 
(Claim 7] It is photoconductive wave eqwpment a cc ordin g to claim 6 with which said KghC reflex 
section b characterized by the thing of aaid core layer prepared in the end at least Mo said 
optical waveviide is constituted indu^ a core layer and a daddmg layer. 
[Glaan 8] Furthemtor«. at least one nde of the photo detector for changing the Ught emitting 
device or Kghtwave sipial for changing an electrical signal into a li^itwave signal on said 
substrate into an electrical signal. Wh8e having an integrated circuit for delivering ar>d receiving 
an electri ca l signal between [ one / at least ] said Eght emitting device or said photo detector, 
said optical waveguide Photoconductive wave eqMpment accordng to claim 2 characterized by 
having had the Bght reflex section for performing the input or output of a Bghtwave signal at the 
ertd at least, and having pasted SMd substrate through a ^ue Gne. 

[Claen 9] Electric wMng of swd substrate is photoconductive wave equ^iment according to claim 
a characterized by bwng for said Kght emitting device or said photo detector reaching on the 
other hand at least, and suppMng a power source to said integrated cirouiL 
(Clean 10] Eteetric wiring of swd substrate is photoconductive wave equipment according to 
daim 8 characterized by being for combining aleetrioaRy at least one side and said integrated 
cireuit of said Eght emittir« device or said photo detector. 

(Claim It] Said substrate is photoconductive wave eqinpment ac cordw g to claim 8 characterized 
by beeig the multilayer-interconnection substrste vrith which the laminatirtg of two or more 
electric wnring layers was carried out through the insulator. 

(CUm 12] Said optical waveguide is photoconductive wave equipment accordng to claim 8 



characterized by beir^ constituted including the Ist cladcfing layer formed on said 34i>strate. the 
core layer by which the laminating was carried out on this 1st daddmg layer, and tha 2nd 
cladding layer by v«hich the laminating was carried out on this core layer. 
(Claim 13] Said 1st cladd»>g layer n photoconductive wave eqMpment accord to claim 12 
characterized by servirtg as said gibe line. 

(Claim 14] Said gkM line b photoconductive wave equipment according to claim B characterized 
by consistirtg of a photo-setting resirv 

(Cbm 15] Said glue fine b photoconductive wave equpment according to claim 8 characterized 
by consisting of thermosetting resin. 

(CiMn 16] It b photoconductive wave equipment accortfing to cbim 8 characterized by fpr said 
fight emitting device or a photo detector reaching on the other hand at least and said integrated 
craiit beir« connected to electric wiring of said substrate by the connection electrode. 
[CWm 17] Said cormection ebetrode b photoconductive wave equipment according to claim 16 
ehwactarized by carrying out cooti*« of the solder to the spherule which consists of a 
eondUetwe ingreifient. 

(Cbim 18] Said conn e ction dectrode b photoeortduetive wave equipntent according to daim 16 
dMraetarized by consisting of solder which uses lead (Pb) and tin (Sn) as a principal contponent. 

(CWm 19] Said optical waveguide b photoconductive wave equ^wnent accor<fing to cbim 8 which 
bammito a transmission signal at the 1st rate and b chsracterized by electric wiring of said 
substrate bdng what transmito a transmission signal at the 2nd rate smsBer than said 1st rate. 
(Cbbi 20] At least one of said Sght einttii« device, a photo detector, or tiia integrated circuiu 
b photoconductive wave equipment aecorda« to claim 8 characterized by bemg arranged on said 



substrate as a spacer which intervenes said optical waveguide between said siAstrates. 
(CWm 21] Said reflex section b photoconductive wave equipment accenfing to claim B 
characterized by hsvir« either ( at least ] the hmetion which b made to reflbet the ligl«wave 
siTMl from the outside and b introduced in aaid optical wavepnde. or the function which is made 
to raflect the lightwave si^ which has spread the inside of said optical waveguide, and b 
derived out of said optical waveguide while beir« constituted by the inclined plane of ssid opticd 
waveguide farmed in the end tide at least 

(Cbim 22} Swd IneGned plane b photoconductive wave equipment accordng to daim 21 
chwacterized by inefineig in 45 abfarowistion to the optical propagation drection in said optical 



(Cbim 23] The insulator of add mtJtiby er int erc onn ec tion substrate b photoconductive wave 
equbmcnt acco rds ^ to claim 11 characterized by consisting of an inorganic materid containing 
at bast one aert in the poiv which consiste of sn alumina (aluminum 203). a gtass ceramic, 
dumirum night RAIDO (AIN). and a muKte. 

(Cbim 24] The insubtor of said multi la yer bter c onne c tion aubstrate is photoeonAictive wave 
equipment according to cbim 1 1 characterized by consisting c4 an organic materid conteirur« at 
least one sort in the group which consiste of a gbss eposy redn. polyimide. BT resin. PPE 
(pdyphenyl ether) raswi, phenol resin, and pdyolefin resin. 

[Cbm 25] The manufacture approach of the photoconductive wave eqiapntent characterized by 
includmg the process which makes the process which farms ofMicd waveguide by u»ng the 1st 
substrate as a support base, and add opticd waveguide supported by sdd 1st substrste and the 
2nd substrate fix. and the process which imprinte said opticd wave»jide to said 2nd substrate by 
removing said 1st substrate. 

[Cbbi 26] The manufacture epprosch of the photoconductive wave equipmerA aecordar«g to 
dabi 25 eharactvized by performng the process whidi makes saki opticd wavepjide and 2nd 
substrate fix using sdhesives. 

(Cbim 213 The nmifscture approach of the photoconductive wave e«apment aecor^ng to ' 
claim 26 characterized by usir« a photo-setting resin as sskl aAiesives. 
[CIdm 28] The manufacture approach of the photoconductive wave e9«pmerA aceonSng to 
da«n 27 characterized by stiffierwig said plio tw se tUii g redn by irradbting light through this 1st 
•b using the substrate whbh consiste of an ingredbnt of transmission nature 
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as said 1st substrate. 

[Clwm 29] The process whk:h fixes the process which forms said opticd waveguide, and sdd 
optical wave^Ade artd 2nd substrate The process whbli forms s core layer, and the process 
which forms the resin byer which turns into a cbddmg layer as surrounds this core layer. The 
process wfuch pastes up said optical wavegukfa supported by sdd 1st substrate, and saki 2nd 
substrste, using said resin byer in the condition of not hardening, as sdd adhesives. The 
manufacture approach of the photoconductive wsve equipment according to claim 26 
characterized by ir>ckiding tiie process which makes fixing vrith sdd optiesi waveguide and saki 
2nd substrate complete at the same time it stifferts saki resm byer and farms sdd daddirtg 
byer. 

[Cbim 30] WhBe the process whk:h fomts said opticd waveguide ndudes the process wMeh 
forms the substrate deteched core which makes it possible to separato sdd 1st substrate from 
saki optKal wavegukb in a back process between saki 1st substrate and said opticd wavegukbs 
The manufacture approach of the photoconductive wave equipment accortfng to claim 25 
characterized by removing said 1 st substrate by removing sdd substrate detached core in the 
process which imprints sskl optical wavegtMde to the 2rKi substrate. 

[Claim 31] The manufacture approach of the photoconductive wave equipment sccordirv to 
cbim 30 characterized by forming said substrate deteched core with a silbon doxide CSi02}. 
[Cbim 32] The manufacture approach of the photocof>ductive wave equipment aecordkig to 
cbim 25 characterized by removing this by melting saki 1st substrate in the process wMch 
imprinU saki optical wavegiode to the 2r>d substrate whib using the substrate which consbte of 
an ingredient ¥which cw dissolve with a predetermirted solution es said 1st substrate. 
[CIdm 33] It is the manufacture approach of the photoconductive wave equipment accordkig to 
cbim 32 whk:h saki solutk>n is a hydrogen fkiorkie (HF) sokition below 5 vokime X and b 
characterized by the ingredient in whk:h said dissolutron is possible bdng photosensithre gbss. 
[Cbim 34] The process whk:h forms optical wavegukie on saki Ist substrate The process which 
makes sdd optical waveguide and 2nd substrate fix including the process which forms two or 
more optk^l wavegukles estrar^ed mutually The process which pastes up said 2nd substrate on 
saki optical waveguide through the glue Rrw wluch consists of a photo-setting resirv The process 
whk^h light is irradbted through said Ist substrate at saki gk>e lir»e. and only the field 
correspor«ding to said opticd waveguide is exposed [ process ] alternatively, and stiffens it 
among this gkM fir>e. The manufacture approach of the photoconckKtive wave equipment 
accordrtg to cbkn 25 characterized by inckicfing the process which removes the photcsettkig 
resin which is not hardened on said 2nd substrate. 

[CIdm 35] The marHifacbjre approad^ of the photoconductive wave ecMpment accordkig to 
claim 34 characterized by performing alternative exposure for this light-shielding fikn as a ntask 
before the process which pastes up the 2nd substrate on said optical waveguide inckidktg the 
process which forms a fight-shbldkig film in fields other than tiie fieW in which saki optical 
waveguide on saki 1st substrate is formed further, and the skle face of each of saki optical 
waveguide. 

(Claim 38] The process whbh forms saki light-shieldmg film is the manufacture approach of the 
photoconductive wave equipment accorcfing to cbim 35 characterized by to k>clude said 2nd 
substrate of said optical wavegukle. the process which forms stratum di«ur>ctum in the fieW of 
the skle wlik;h fixes, the process winch forms a iight-shiekW film in saM 1st substrate, said 
optical waveguide, artd the whob exposure of saki stratum (£^}urK:tum. and the process which 
removes alterrwtively sdd fight-shiekiing film which is in contact with said stratum divurtcUxn by 
removing said stratum di^junctom. 

[CIdm 37] Furthennore. the mamifacture approach of the photoeortduetive wave equipment 
accordkig to cbim 25 characterized by irtclwfing the process which forms at least one side of 
the photo detector for chan^ng the light emitting devwe or lightwave sigrtal for changktg an 
dectrical sigrtal kito a lightwave signal into an electrical dgrtal on said 2nd substrste. 
[Cbim 38] Furthermore, the manufacture approach of the photoconductive wave equipment 
according to cbim 37 characterized by tnckxfing the process which forms the irttegrated circuit 
for ddiverirtg artd receiving an electrical dgnal between [ orte / at bast ] said light emitting 



device or saki photo detector on said 2nd substrste. 

[Cbim 39) Said 2nd substrate b the msnufacture approach of the photoconifcietive wave 
equipmiBnt ac c or d in g to claim 



(Cbim 40] Furthermore, the manufacture approach of the photoconductive wave equipment 
acc or dk i g to cbim 39 characterized by kidudkig the process wMeh forms at least one side of 
the photo detector for chsnging the Kght emitting devbe or Bghtwave dgnal for changing an 
dectricd dpial into a Bghtwave signd into sn electricd dgnsl on said 2nd substrste. end the 
process which forms the interated circuit for deBvering end receiving sn dectricd dpid 
bebeeen [ one / at least] sdd Bght emitting devbe or said photo detector on said 2nd 



(Cbim 41] Furthermore, the manufacture approach of the photooorMkietive wave eqdpment 
eceordbg to cbkn 40 characterized by indudrv the process vMch sskl Bght emitting devbe or 
sdd photo detector resehes on the other hand at least snd closes sskl integrated orcuit with a 
cbsure reswi ingreiSent 

[Cbkn 42] The process which forms opticsl waveguide by using saki 1st substrate as s support 
base b the msnufacture approach of the photoconductive wave equipment accordktg to cbkn 40 
ehvBctarized by bchidkig the process which forms a dsengageabb siAatrate deteched core for 
sdd the 1st substrate and ssid opticsl wavegukfo on sskl 1st substrste. the process whbh forms 
opticd wavegukfa on said substrste deteched core, and the process of saki optical waveguide 
which forms sn bcBned plane in the end section at bast 

(Own 43] The process whbh forms sdd opticsl waveguide is the msnufacture approach of the ' 
photoconductive wave equipment eeeordmg to cbkn 42 characterized by nchidv«g the process 
whkA forms the 1st cbddkig byer on ssid substrste detached core, the process wNdi forms a 
cere byer on ssd 1st obddkig byer. and tiie process winch forms the 2nd cbddkig byer on sad 
core layer. 

[Cbkn 44] The manufacture approach of the photoconductive wave equipment accordktg to 
cbkn 40 characterized by udng the muMbyer-kitereonriection substrste whbh contekis st bast 
one sort of kiorganb materbb of tite groups which consist of an dumma (afcmnum 203). a gbss 
eersmb. dumktum night RAIDO CAIN), and a muMte as sdd 2nd substrate. 
[CIdm 45] The manufacture approach of the photoconductive wave equipment accordkig to 
cbkn 40 chwscterized by udng ths multibyer ki t er c onrt e ction sti»strate wWdt contekis st best 
one sort of orgsnb msterids of the pvups which consist of a gbss epoxy resb, polyimid e . BT 
resb, PPE Cpolyphenyl ether) reski. phenol reski.' snd pdyobfki redn ss sskl 2nd substrate. 
[Cbkn 46] 
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CLAIMS 



(Claim(s)] 

[Claim 1) Photoconductive wave ecjuipment chsrecterized by having a substrate and the optical 
waveguide which sn-anges and fixed on said substrate while bmng beforehand formed separately 
so that a lightwave 9.ttf\o\ could spread the interior. 

[CWm 2) Photoconductive wave equipment according to claim t characterized by forming 
electric wiring in said substrate. 

(Claim 3[| Furthermore, photoconductive wave equipment accorcfing to claim I characterized by 
havmg at least one side of the photo detector for changing the enwtting device or lightwave 
Kgnal for changing an electrical signal into a lightwave signal into an electrical signal on said 
substrate. 

(Claim «] Furthermore. photoconducUve wave equipment accordmg to claim 3 characterized by 
hawing an integrated cirewt for deUvering and receiMng an electrical signal between ( or>e / at 
least ] said Kght emittirw device or said photo detector on said substrate. 
[Claim 5] For said substrate, said optical wsweviide is photoconductive wave equipment 
acconSng to claim 1 characterized by being formed on other different substrates and imprinting 
on said substrate from a substrate besides the ab o v e . 

[Claim 6] Said optical waveguide is photoconductive wave equipmerrt accorvfing to clMn 1 
chvacterized by havir« the Bght reflex section which has either [ at least ] the function which 
an end b made to reflect the E^itwave signal from the outnde, and is introduced into it in said 
optical wavevade at least or the function which b made to reflect the Kghtwnve signal which 
has spread the inside of swd optical waveguide, and b derived out of said optical waveguide. 
[Claim 7] It b photoconductive wave equipment according to claim 6 with wMch said reflex 
section b ^wractarized by the tMng of said core layer prepared in the end it least wMe said 
optical wave»jide is constituted including a core layer and a daddatg byer. 
[Cteim 8] Furthermore, at least one side of the photo detector for changing the Kght emitting 
device or K^wave Mfn^ for chanpng an etoctrical sigrtal into a K^htwave sigml on said 
substrate into an eleetrieal signal. Whae havir« an integrated circuit for delivering and receiving 
an dectrical signal between [ one / at least ] ssid light emitUng device or said photo detector, 
said optical waveguide Photoconductive wave equipment according to ebim 2 characterized by 
having had the Bght reflex section for performing the inpU or output of a lightwave sipial at the 
and at least and havir^ pasted s^ substrate through a glue Kne. 

[Cben 9] Electrb wiring of said substrate b photoeondbetive wave equipment according to claim 
8 characterized by being fior s«d l^ht emit t in g device or swd photo detector reaching on the 
other harkl at bast and supplying a power source to said integrated circuit 
(Cbim 10] Electric «iirii« of said substrate b photoconductive wave equipment acconSng to 
6Um 8 characterized by being frir combining elecbScaOy at least one side and said integrated 
oreuit of said fight emittir« demce or said photo detector. 

[Claim 11} Said substrate is photoconduc t ive wave equipment accortfrtg to claim 8 characterized 
by beav the muitBayer-interconnection subsbvte wkh wNch the bminatihg of two or more 
electric wirir^ teyers was carried out through the insulator. 

[CiMm 12] Said optical wavefwde b photoconductive wave equipment according to cbim 8 
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as said tst substrate. 

[Claim 29] The process which fixes the process which forms said optical waveguide, and said 
optical waveguide ar>d 2nd substrate The process which forms a core byer. and the process 
which forms the resin byer which turns into a claddng teyer as surrounds this core byer. The 
prf>cess which pastes up said optical wavegiMde supported by satd 1st substrate, and said 2nd 
substrate, using said resin byer in the confStion of not hardening, as said adhesives. The 
manufacture approach of the photoconductive wave equipment according to claim 26 
characterized by including the process which makes fixing with said optical waveguide and said 
2nd substrate complete at the same time it stiffens said resin byer and forms said cladding 
layer. 

[Claim 30] WNb the process which forms said optical waveguide includes the process which 
forms the substrate detached core which makes it possibb to separate said 1st substrate from 
said optical waveguide in a back process between said 1st substrate and said optical waveguides 
The manufacture approach of the photoconductive wave equipment accortfing to claim 25 
characterized by removing said 1st substrate by removing said substrate detached core in the 
process which imprints said opticai waveguide to the 2rMl si^strate. 

[Cbim 31] The manufacture approach of the photoconductive wave ef|uipment according to 
claim 30 characterized by forming said substrate deteched core with a silicon dioxide {Si02}. 
[Claim 32] The manubcture approach of the photocor>ductive wave e<^«pment according to 
claim 25 characterized by removing this by melting said 1st substrate in the process which 
imprmts said optical waveguide to the 2nd substrate whtb using the substrate which consists of 
an ingredient which can dissolve with a predetermirwd sokiticn as said Ist substrate. 
[Claim 33} it b the manufacture approach of the photoconductive wave eqiapment according to 
cbim 32 which said sokition is a hydrogen fluoride (HF) solution below S vokmne %. and is 
characterized by the ingredient in which said dissokjtion is possfcle being photosensitive gbss. 
[Claim 34] The process which forms optical waveguide on said 1st substrate The process which 
makes said optical wavegwde and 2nd substrate fix including the process which forms two or 
more optical waveguides estranged mutually The process which pastes up said 2nd substrate on 
said opticai wavegi«de through the ^ue lirM wfuch consists of a photo-setting resin. The process 
which fight is in-adbted through said 1st substrate at said gkie iif>e. ar^ only the field 
corresporidinK to said optical wavepjide is exposed [ process ] alterrtatively, ar*d stiffens it 
among this gkie line. The manufacture approach of the photocorMiuctive wave equipment 
accortfing to cbim 25 characterized by inducfing the process which removes the photo-setting 
resin which is not hardened on said 2nd substrate. 

[Claim 35] The manufacture approach of the photoconductive wave equipment according to 
claim 34 characterized by performing aHemativB exposure for thb li^t-»hielding film as a mask 
before the process which pastes up the 2nd substrate on said optical waveguide irwrludinB the 
process which forms a light-shblding film in fields other than the field in wWch said optical 
waveguide on said 1st substrate b formed further, and the side face of each of said optical 
waveguide. 

[Claim 36] The process which forms said Bght-shiehfing film is the manufacture approach of the 
photoconductive wave equipment accor<fing to cbim 35 characterized by to include said 2nd 
substrate of said optica) waveguide, the process which forms stratum di^iurtctum in the field of 
the side which fixes, the process which forms a Bght-shiekSrtg film in said 1st siijstrate. said 
optical waveguide, and the whole exposire of said stratian di^functum. and the process which 
removes altematively said light-shieldir>g film which b in contact with said stratum divunctum by 
removing said stratum <tivunctum. 

[Claim 37] Furthermore, the manufacture approach of the photoconductive wave equipment 
acconfing to cbim 25 characterized by inckiding the process which forms at least one side of 
the photo detector for changing the light emitting device or lightwave signal for changing an 
electrical sipial into a lightwave signal into an electrical signal on said 2nd si^strate. 
[Claim 38} Furthermore, the manufacture approach of the photoconductive wave equipment 
according to claim 37 characterized by including the process which forms the integrated circuit 
for delivering and receivir^ an electrical signal between ( one / at least ] said light emining 



cftvacterized by being constituted inckjding the 1st cladcfing byer formed on said si^strate, the 
core byer by which the Isrunsting was carrbd out on thb 1st cladding byer. and the 2nd 
cbdtW byer by which the bminating was canried out on thb core byer. 
[Cbim 13) Said 1st cbdding byer b photoconductive wave equipment eceording to cbim 12 
cKaracAerized by serving as said ghie fine. 

[Oben 14] Said glue line b photoconductive wave equipment according to claim 8 characterized 
by consisting of a p>»eto ■ s etti ng resia 

[Cbm IS] Said glue fine b photoconductive wave eqinpment according to cbim 8 characterized 
by consbtvig c0 thermoMttaig resin. 

[Cben 16] It b photoconductive wave eqiapment according to cbim 8 characterized by for said 

emitting device or a photo detector readwig on the other hand at least and said intonated 
craiit beir« corewcted to electric «nring of said substrate by the connection electrode. 
[Cbim 17] Said connection electrode b photoconductive wave equipment accor<fing to cbim 16 
chvacterized by carrying out costing of the soWer to the spherub which consists of a 
conductive et^^etferA. 

[Claim 18] Said comeetion ebetrode b photoconductive wave eqiapment according to cbim 16 
characterized by consistir« cf soMer whbh uses bad (Pb) and tin (Sn) as a principal component 

(Cbim 19] Said optical wavegutda b photoconductive wave equipment accordmg to ebim 8 which 
transmits a transmission sivwl at the Ist rate and b characterized by electric wiring of said 
substrate htSng what transmiu a transmission Mgnal at the 2nd rate amaOer than swd 1st rate. 
(CWm 20] At bast one of said emittaig device^ a photo detector, or the integrated circuite 
b phetoeonductive wave equipment aocordbig to ebim 8 characterized by being arranged on said 
substrate as a spacer which intervenes said optical waveguide between said substrates. 
iCtmn 21] Said Bght reflex sectkai b photoconductive wave equvment aceordinc te ebim 8 
chwacterized by havir« either ( at bast ] the Kawtion which b made to reflect the Bghtwave 
^lai from the outside and b introdueed in said optical wavevade. or the function which is made 
to reflect the Bghtwave signal which has spread the inaida of said optical wavesuide. and b 
derived out of said optical waveguide whfle being constituted by the ineHned plane of said optical 
waveguide formed in the end »de at bast 

(Own 223 Said neSned plana b photoconductive siave equipment accordhg to dwn 21 
characterized by incfining in 45 abbreviation to the optical propasation drection in swd optical 
wave^iide. 

[Clam 23] The insidator of said wuiti b yer- in t er co nnec ti on substrate b photoconductive wave 
equipment accent to cbim 11 characterized by consisting of an inorg a nic materia centring 
at bast one sort in the group wMeh consiste of an alumina (aluminum 203X a gbsS ceramb. 
akmwm night RAIDO (AIM), and a muBite. 

[Cbm 24} The insubtor of said multibyer-intercorvtection substrate is photocorwiuctive wave 
equipment accordtr^ to cbim 1 1 characterized by consbting of an organb material ocntaifwig at 
bast one sort in the group which consisto ot a gbss epoxy resia polyimi<b. BT resin. PPE 
(pdyphenyl ether) resin, phenol resin, and polyolefin reOTL 

[Cbim 2S] The manufacture approach of the photoconductive wave equipment characterized by 
•TKhMfrv the process which makes the process wAach forms optical waveguide by uwng the 1st 
substrate as a support base, and said optical waveguide supported by said 1st substrate and the 
2nd substrate fix. and the process which imprints sdd optical wavegMde to said 2nd substrate by 
r em ovin g said tst substrate. 

[Cbim 26] The manufacture approach of the photoconductive wave equipment according to 
claim 25 characterized by performing the process which makes said optical waveguide and 2nd 
substrate fix using a<fttesives. 

[Cbim 27] The manufacture approach of the photoconductive wave equipment accorcfing to 
cbim 26 characterized by using a photo-setting resin as said adhesives. 
[Cbim 28] The manufacture approach of the photoconductive wave equipmerA a cc ording to 
cbim 27 characterized by stiffermg said photon-setting resin by irradiating BgK through thb 1st 
substrate whib using the substrate which consists of an in g redien t of light transmission nature 
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devbe or said photo detector on said 2nd aubstrate. 

(Cbim 39] Said 2nd substrate is the manufocture approach of the photoconductive wave 
equipment aceoriSng to cbim 25 characterized by being the ebctric wirirtg substrate with wMch 
e b clric wiring was formed. 

(Cbbi 40] Furthermore, the manufacture epproach of the photoconductive wave equipment 
accordeig to cbim 39 characterized by indudmg the pnxMss which forms at least one side of 
the photo detector for chanvRS the Bght emitting device or Sght«vave sisnd for changing an 
ebcbical signal into a Bghtwave signal into an ebctrical ngnal en said 2nd substrate, and the 
process which forms the intepated cvcuit for delivering and raceivirig an ebctrical signal 
between ( one / at bast ] said light emitting device or said photo detector on said 2nd 
substrate. 

[Cben 41] Furt h ermore, the manufacture approach of the photoconductive wave equipment 
according to cbim 40 characterized by indudbg the process which said Kght emitting device or 
swd photo detector readies on the other hend at bast and cbsas said integrated circuit with a 
cbsure resin aigiedbnt 

[Claim 43Q The process which forms optical waveguide by using said 1st substrate as a support 
base b the manufacture approach of the photoeortductive wave eqtnpment acconfing te claim 40 
f^iaracterized by inckiding the proceas which forms a dbengageabb substrate deteched core for 
said the Ist substrate and said optical waveguitb on said 1st substrate, the process which forms 
optical wavevjide on swd substrate detached core, end the process of swd optical wavegiMb 
wMdi forms an incEned plane in the end section at bast 

[Claim 43] The process which forms said optical wave^jide b the manufacture approach of the 
photoconductive wave eqiapment accordbg to claim 42 characterized by including the process 
whiA forms the 1st cladding byer on said substrate detached core, the process wKch forms a 
core byer on said 1st cbddir« byer. and the process whbh forms the 2nd cbdding byer on said 
core byer. 

[Claim 44] The manufacture approach of the photoconductive wave equipment according to 
cbim 40 characterized by using tfie multibyer-inter c cnnection substrate which oonteins at bast 
orte sort of ir>orgar>ic materials of the groups which consbt of an alumina (riumirHjm 203X a gbss 
ceramic, ^uminum night RAIDO (AIN). and a mullite as said 2nd substrate. 
[Claim 45} The marwifacture approach of the photoconductive wave equipment according to 
cbm 40 characterized by using the multilayer-inter c onnection substrate which contains at bast 
one sort of organic materials of the groups which consist of a gbss epoxy resirv pdyimkle. BT 
resin. PPE (polyphenyl ether) resin, phenol resirv and pdyobfin resin as said 2nd substrate. 
[Claim 46] Said 2nd substrate b the manufacture approach of the photoconductive wave 
equipment accordirig to claim 40 characterized by consisting of printirtg substrates with whi^ 
the ebctric circuit pattern was printed whib being formed in one [ at bast ] field of a core 
substrate and this core substrate. 

[Claim 47] The mar>ufacture approach of the photoconductive wave equipment according to 
cbim 43 characterized by using what has a rate of optical refraction smaller than the ingreiBert 
which forms said core byer as an inp-edbnt which forms said 1st and 2nd cbd<fing byers. 
[Claim 48] The marHifacture approach of the photoconductive wave equipment according to 
cbim 43 characterized by using what contains at least or>e sort in the group which consiste of 
polywnide. an epoxy resin, acrylic resin, polyobfin resirv and synthetic rubber as a principal 
component as an ingretSent which forms said 1st ar>d 2rKl cbddwig layers. 
(Cbim 49] The manufacture approach of the photocorKluctfve wave equipment according to 
cbim 42 characterized by using dbcid-ized riBeon (S!02) as an ingredient wMch forms said 
substrate deteched core. 

(Cbim 50] The marHifacture approach of the photocHirKluctive wave equipmerA according to 
claim 42 characterized by using the metallic nwterbl which can be etched as an ingredent which 
forms said sU>strate deteched core. 

[Cbim 51] The process of ssid optical waveguide which forms an inclined plane in the end 
section at least The process which applies a photoresist on said optical waveguide, performs 
exposure and a devebpment to this photoresist and forms a desired photoresist pattern. The 
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I wluch makes the edge Field of mM photoresist pattern incline, and said photoresist 
pattern are used as a mask. Anisotropic etchinf of the pert exposed from the edce field of s»d 
photoresist pattern of said optical waveiuide is canied out. The manufectwo approach of the 
photoconduetive wave equipnient aeeordnB to daim 42 characterized by inchidng the process 
which msfces the edc« of said optical wavepiide a taper-like inclined plane, and the process 
which removes said photoranst pattern. 

[Claim 52] The process of said optical waveiuide which forms an incBned plane in the end 
section at least The process which camos out vacuum ovaporationo fiarmation of the metal 
membrane on said optical waveguide, and the process winch applies a photoresist, performs 
exposw and a development to this photoresist and forms a desired photoreaist pattern on said 
metal membra ne . The process which etches said metal membrane by usir>g said photoresist 
pattern as a mask, and forms said metal membrwM in a desired pattern. The process ^AutM 
forms said incKned plane by irradMting a laser beam from a predetemMrted inckide angle to the 
predetermirted fieW of said optical waveguide layer by using said metal membrane as a ma^ and 
cutting said optical waveguide. The manufacture approach of the photoconAM:tive wave 
equipment according to claim 42 characterized by inchidmg the' process which removes said 
metal membrane by etching snd washes the whole worhpiece. 

[Claim 53] The process of said optical waveguide which forms an incfirwd plane in the end 
section at least By Keattng the heating tool which has an ■r>clined plane in a point, carrying out 
the ck>set of the point of this heating tool to said optical waveguide. ar>d fusing optical 
waveguide The manufacture approach of the photoconduetive wave equipment accordirfg to 
daim 42 characterized by inckjding the process which forms said incKr>ed plane in said optical 
waveguide, and the process which removes the processirtg waste produced in the fusion zone of 
said optical waveguide by polish processing after removing said heating tool. 
[Claim 54] The process of said optical waveguide wtwch forms an incfined plarte in the end 
section at least is the manufacture approach of the phetoconductive wave e«flpment acco 
to daim 42 characterized by inckiding the process which cuts said 1st substrate at an angle of 
predetemuned, and the process which grinds the end foce formed of said cutting of said 1st 
substrate, and makes the edge of said optical waveguide an irtclined plar>e. 
[Claim 55] While using the substrate wl«ch consists of an ingredient of the transmission 
nature which makes KgHt penetrate as said 1st substrate, the process which makes said optical 
waveguide fi* the 2r»d substrate The process which forms the gJue Gr>e which t>ecomes a position 
on s»d 2nd sii>strate from the photo-settirtg resin hardened by the exposure of light The 
maraifacture approach of the photocorxkjctive wave equipment according to claim 40 
charactsnzed by inckjdirtg the process which sticks the glue Bne of said 2nd substrate to the 
optical waveguide formed in said I st substrate. ar>d the process which Bght is irradiated 
[ process ] towards said 2nd substrate from the rear face of said 1st substrate, and stiffens said 
gkje fine. 

[Claim 56] The process which makes said optica} waveguide fix the 2nd substrate The process 
which forms the gkia line which becomes a position on said 2rKl s%jbstrate from thermosettirm 
resin. The manufacture approach of the photoconduetive wave equipment accorcfirtg to claim 40 
characterized txy irwkidirxg the process which sticks the gkje line of said 2nd substrate to the 
optical waveginde formed in said 1st substrate, and the process which said 1st substrate and the 
2nd «vhole substrate are heated [ process X Br>d stiffens said gkm line. 

[Claim 57] The manufacture approach of the photocorKkictive wave equipment according to 
daim 42 characterized by supplying a sohrent between said 1st pasted-up substrate ar>d said 
2nd substrate in the process which imprints said optical waveguide to said 2r>d substrate by 
removing said 1st substrate, removirig said substrate detached core, and makir\c it separate said 
1st substrate from said optical waveguide. 

[Claim 58] The manufacture approach of the photocorKkictive wave equipment according to 
daim 42 characterized by supplying a solvent between said tst pasted-up substrate and said 
2nd substrate, and making it divide the interface of said substrate detached core arMl said optical 
waveguide into it in the process whi^ imprints said optical waveguide to said 2nd substrate by 
removing said 1st substrate. 
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[Clam 59] It is the manufacture approach of the photoconduetive wave equipment according to 
claim 40 which said Hght emitting device or a photo detector reaches on the other hand at least 
and is characterized by having the connection electrode, for said light emitting device or a photo 
detector reaching on the other hand at least in the process which forms the process wlwch 
forms either [ at least ] said light emitting device or a photo detector, and said intep-ated circuit 
said integrated drciMt moixvting said integrated circtnt in said 2nd substrato by tfte fSp-cWp- 
bonding method using said conrwction electrode. 

[Claim 60] The manufacture approach of the photoconduetive wave equipment according to 
dam 59 chvacterized by using said optical waveguide in the process which forms the process 
which forms either [ at least ] said Bght emitting device or a photo detector, and said integrated 
circuit as a spacer which said light emitting device or a photo detector reaches on the other 
hand at least and intervenes between said integrated circt«t and said 2nd substrate. 
(Claan 61} on the other hand, there is said Kght emitting device or a photo detector at least 
. about the spliuical section formed at the tip of a metal thin line — it is — the manufacture 
approach of the photoeortductive vrave equipment aceortfng to claim 59 characterized by 
fbrmirv said connection electrode by cuttir« it as between said spherical sections and said metal 
thin linM is puOad apart after boirtg stuck to the electrode of said integrated circuit by pressure. 



(Translatian donej 
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* NOTICES ♦ 
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DETAILED DESCRIPTION 



{Det»ied Description of the Invention] 

[0001] . ^ 

[Field of the Invention] This invention relates to phetoeenduetive wave equipment equipped with 
the optical wavegude to ¥«hi^ a K^vtwave «pial spreads the interior, artd iu manufecture 
approach, especiany. is used for optical connection of transceiver modulas for Of^al 
transmissions, such as trar^ssion of the lightwave signal in ifigital dispossi fMrmaU. such as a 
ultra high-speed digital disposal circuit and a parallel connected type digital d«itai dsposal 
ctrcuiU and optical commuracation. an optical fink or an optical Rbef Channel, and relates to 
suit^ile photoconductive wave equipment and its marHj^ture approach. 
[0002] 

[Description of the Prior Art] The motion which transmits and receives 9^ media throu^ an 
information communication network is progressing that the through«Kit of information processors, 
such as a wire comnnurvcation technique used for Xho ndto technique used for a coMur phone 
etc.. ISDN (Integrated Services Digital Network), etc or a persor\8» computer (Personal 
Computer-C). improved by leaps and bounds in recent years, by having digitized AV (^dovisual) 
device, etc. Moreover, the Internet is begun ar>d irrformaUon communication networks, such as 
LAN (Local Area Netvrark) and WAN (Wide Ares Network), are spreadng [ business use and 
personal ]. From these things, home electronics ar»d an AV eqiripmerrt constitute a network from 
domestic centering on PC. and it wHI be thought in the future that the erwuonment where 
irrformation is freeV exchanged with means of signal transduction, such as the telephoTM line, 
CATV (Cable Television or Commuruty Antenna Television), terrestrial television, or sateKte 
broadcastir^ service/ sat^ite commurwcation. is realized. 

[0003] in order to exchange freely the image data dealt with at a quick rate called several M- 
about tenhA>p$(es} by such means of sipul transduction, an about ( lOM-lGbps ] information 
transmission rate is desired. Optical communication and a transmission technique can realize 
such en information transmission rate. For example, in the so-called trunk system 
communication network excee<fing 10km - lOQkm. optical communication and a transmis^on 
techrwque have spread widely Irom viewpoints, such as the low k»ss nature, econonweal 
efficier>cy. etc.. Ute the optical caMa laid by the seabed. 

[0004] on the other hand — between the chips between the boards in a device, or in a board 
etc. — as a means of signal trartsduction between short distance, a wire communication and 
transmission means, such as a TSUISUTEDOO pair cable and a coaxial cable, are mainly used 
comparatively. Although recent years come and the spread of the techniques using optical 
transmissions, such as an optical Ftber Channel and an optical data Bnk. has started, optical 
communication ar>d a transmtssion means have not resulted in spread to the extent that a wire 
communication and a transmission means are replaced in present. The problem of the cost pair 
effectiveness is mentioned as this reason. In order to mairttwn Iho envne performance (for 
exan^. trartsmission speed and the transmission quality) of optical communication, specifically, 
points, lite that that a predsa alignment technique b required, the cure agmnst leak tight, 
consideration of electromagnetic interference, or the cure against a noiso etc. is required 
between the Ught emitting device and photo detector which constitute opticaKcommunicatk>n 
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equviment, and an optical fiber, and equipment becomes vrtrieately and expensive as a result are 
mentioned. 

[0005] On the other hand, by advance of the technique in IC (Inte^ted Circuit inte^ed 
circuiO or LSI (Large Scale Integration: large-scaki integrated circuiO. those woriunf speeds and 
accumulation scales improve, for example, high-pcrformance-iljng of a microprocessor and large 
capacsty-ization of a memory chip are attained quickly. Moreover, the amount of infbnnation 
which PC connected by the networit deals with is irKa-essing qinckly. Therefore, the technical 
problem that it must corresportd to the rise of the frequertcy of a signal-'processint dock, the 
rise of wherwver (juxtaposition 1 improvement in the speed of the access time to memory, etc. 
also exists. In the bottom of such a situation, improvement in ttw speed of a working speed is 
atta«ted irtside the semiconductor clwp by detaiJed-izing of a semiconductor chip, contraction of 
the gate lertgth of the transistor accompanying it. improvement in drive capacity, etc. However, 
in the access circuit to memory, the processor of a multi-MPU (Microprocessor Unit) 
cordigLM^tion, ote„ the parasitic capacitance component of the part which is rteeded at the time 
of mounting of the package of a semiconductor device etc. is largo, and high-speed signal- 
transmission actuation is dHTicult in electric wirir^ which connects with the exterior of a 
semiconductor chip. Moreover, when it comes to the cause of current change of the letter of a 
spiie, or electric^-potential-differerKie change, both impression of the high speed sigrtal to 
electric wiring causes electromagnetic-compatl>i&ty noises, such as EMI (Electromagrwtic 
biterference)/EMC (Electromagnetic CompatMlityX a reflective noise, and a cross talk noise. 
[0006] Then, also in short-dutance s«nal-transmission paths, such as between the 
semicortductor chips on a wirirtg substrate, in order to transmit a high speed signal, it is thought 
desirable performing transmission by light, especially to use tf>e optical transmission and 
conwnurwcation system which made optical waveguide the trartsmission line. Since the signal 
delay by CR (C: electrostatic-capacity ( of wirirtg 1 resistance of Rwing) time constant of 
wvv« can be canceled and the effect of on electromagnetic noise can be avoided when li^t 
performs a s^nal transmission, transfer of a high- spe ed signal is attairwd. Therefore, while 
maintair>ing the commur>ication Bnk en^ne performance of optical communication and 
trartsmisson to the conrtmuntcation link er^^ne performance ar»d EOC of a vrire cwimunication 
and trar»smission. it is necessary to spread the optical communication and tho transmission 
system between short distance also m the fieW of the device for general r»eed persor» by 
reafiizirv retkiction of cost. 

[0007] fci order to maintain the communication Bnk engine performance of optical communicatjon 
and transmiss'ion to the communication fink engirw performance and EOC of a wire 
communication and transmission, it is required that the optical transmisswn loss of optical 
waveguide shouM be small. There is an invedwnt of a quartz system as a smaO ingredient of 
optical transmission toss which ftjifills this condition. As the quaru is already proved by the 
optical fa>cr. fight transrmssion naturo is very good, and when optical wavesLnde is proAieed with 
a quartz, low loss-ization of 0.1 or less dB/cm is attair>ed. 

[0008] Drawing 32 axprasses the exwnple of 1 configLMration of conventional photocor>ductive 
wave equipment (refer to JP.62-204208,A). This photocor»ductive wave equipment is equi(H>ed 
with the optical waveguide 502 and LSI504 whic^ consist of a quarU on the flat silicon substrate 
SOI in w»hich the thin film multilayer interconnection 505 with which between each wiring was 
insulated by the insulating layer 506 was formed. Moreover, above each edge fieM of optical 
waveguide 502. a photo detector 503 and a fight emitting device (not shown) are formed, 
respectively, and it connects wrtti LS1504 arranged in the near electric^, respectively. With this 
photoconductive wave equipment, the interior of optical waveguide 502 is spread, it b reflected 
by er«d-f»ce S02a. and the Kghtwave si^ial which carried out outgoing racfiation from the K^t 
emitting device which is not Slustrated carries cut incidence to a photo detector 503. 
[0009] After Aymiiv optical waveguide 502 as the manufacture approach of photocorukictive 
wave equipment of having such a configuration, on the silicon substrate 501 in which the thin 
fikn multilayer interconrtection 505 was formed, it is processed so that it may become 45 
devees of abbreviation to the front faca of a sHicon substrate 501 about end-face 502a of 
optical wavegbHde 502 by anisotropic etching, such as RIE (Reactive Ion Etching: reactive ion 
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etching), and the method of mounting a photo detootor 503. a emitting device, and LSI504 

on a s^con substrate 501 is learned further. 

[0010] 

[Problem(s) to be Solved by the Invention] However, by the manufacture approach of the 
photocorKkjctive wave equipment mentioned above, since he was trying to form the optical 
waveguide 502 which consists of a quartz on a siik»n substrate 501. the thin fUm technology 
rweded to be used as a formation technique of optical waveguide 502. While formation of the 
optical wave»iide 502 using a thin fikn technology is excellent in <fimensicr>al accuracy. 
dsadvwTtageous profit that formation ar>d processing of the film with a tluckness of several 
micrometers or more are (fifficult exists. 

[001 1] Moreover, even if it is able to transmit a sigrwl to a high speed by light, electric wiring 
(electrical sigrwl) still r>eeds to perform transmission of an electric power supply, the control 
sigr>al of low-speed various kirtds comparatively, etc. Therefore, although it was indispensable to 
have formed the thin film multilayer interconr>ection 505 as electric wiring on a silicon substrate 
501. when this electric wiring formation fieW became usual wiring substrate size (dozens of cm 
an^) and module size (several cm angle), cost started too much and the problem of being 
scarce was in implementability. 

[0012] In order to solve this problem, it is po$sft>le to form optical waveguide on the printed 
wiring substrate in whi(^ an electrical part can be carried. Hovvever, the thick film of the metal 
formed for exami^, by the galvaruzing method etc. is arranged m the front face of the vriring 
substrate made to manufacture according to such a thick-film process, er»d irregularity is large. 
Therefore, when optical waveguide was formed on such a printed wiring substrate, the shape of 
toothing on the front face of a substrate affected the configuration of optical waveguide, and 
there was a problem of leadir^ to increase of the optical transrrHssion loss of optical waveguide 
or the f^ of dbnensionsl accuracy. 

[0013] Furthermore. sir>ce the process which dips the wfiole substrate in an acid and an aRiali 
sokition. an organic soh^ent. etc. was needed when forming optical wave^kJide on a wiring 
substrate, and perforrrang wet etching, washing, etc.. there was a problem that there was a 
possixlity of doing damage to a si^strate. Moreover, a possft>ility of doing damage is also in a 
substrate at the time of dry etching and elevated-temperature heat treatment Therefore, it is 
(fifficult to use the electrie «nring substrate by the thick-film process as a substrate, for 
example, the expensive substrate which has properties, such as high thermal resistance, needed 
to be used. 

[0014] This invention was made in view of this trouble, and the 1 st purpose is in offering the 
photoconductive wave equipment which has the optical waveguide which can collateralize an 
optical high propagation property, and its marufacture approach irrespective of the class of 
support base. 

[0015] The 2nd purpose of this invention is to offer the photoconductive wave equipment which 
can attain reduction-ization of a manufacturing cost. ar>d its manufacture approach while optical 
waveguide is formed oheaply. 

[0016] moreover — while the 3rd purpose of tNs inversion enables transmiss'ion of the signal of 
the further hi^ speed wMch was difRcuit to realize only with electric wiring — a transmission 
Mgnal — -proof — eleetromagrwtism — it is in offering the photoconductive wave etiuipment 
which can raise noise nature, and iu manufscture approach. 

[001 n 

[Means for Solving the Problem] The photoconductive wave eiiuipment by this invention is 
equipped with a siiistrats arMl the optical waveguide which has been a rranged on a substrate and 
fixed w»ule bdng beforehand formed s^arately so that a lightwave signal could spread the 

[0018] The manufacture approach of the photocon^tive wave eqwpment by this invention 
includes tfte process which makes the process wtnch forms optical wavegukle by usirtg the 1st 
substrate as a support base, the optical waveguide supported by the 1st substrate, and tiie 2nd 
substrate fix. and the iwocess which imprints optical waveguide to the 2nd substrate by removing 
the 1st substrate. 
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[0019] With the photoconductive wave equipment by tMs invention, the optMMl waveguide formed 
separately beforehand is arranged on the sutetrate. and a Gghtwave »gnal spreads the interior of 
this optical waveguide. 

[0020] By the manufacture approach of the ph^ocortductive wave equipment by this irwention, 
after the optical wavegLude and ti>e 2nd substrate which were formed as a support base fix the 
1st substrate, optical waveguide is imprinted by the 2nd substrate by removing the 1st substrate. 

[0021] 

[Embodvnent of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail with reference to a drawing. 

[0022] (Gestalt of the 1 st operation) With reference to <>-a»wng 1 , the configuration of tt>e 
photocOTKkictive wave equipment cor>ceming the gestalt of operation of the 1 st of this invention 
is explairwd first 

[0023] Drawing 1 expresses the cross-section configuration of the photocor>ductive wave 
equipment t corxseming the gestalt of this operation. This photocorKkictive wave equipment 1 is 
equipped with the multilayer-intercorwwction substrate 2. the optical waveguide 1 1 pasted up on 
the multHayer-interconncction substrate 2 through the gkie line 6, ar>d the photo detector 21, 
the IC chips 25 and 35 and fight emitting device 31 which inserted in between by having used 
optical waveguide 1 1 as the spacer. 8r>d were mounted on the multilayer-intercofviection 
substrate 2. Here, the multilayer-intercorviection substrate 2 supports ona example of the 
"stAstrate' of this invention, artd the ''2nd substrate." Moreover, the IC chips 25 and 35 support 
orte example of the 'integrated circuit" of this invention. 

[(X>24] The multaayer-interconrwction substrata 2 is an electric vririr^ substrate with which the 
laminating of t¥w> or more electric wiring 3 was carried out through the insulator 4. For example, 
a tow- s p ee d control signal is defivered and received between the IC chips 25 and 35. a photo 
detector 21. and a fight emitting device 31. or etoctric wiring 3 has the ft*»ction which delivers 
and receives a sigrtal between the extertors »*iile havir>g the function which supplies power to 
tiie IC chips 25 and 35. a photo detector 21, and a light emitting device 31. That is, electric 
wirirtg 3 is pattern wiring for mounting for mounting a photo detector 2 1 . a light emitting device 
31, and the IC chips 25 and 35 on the multilayer-interconnection substrate 2. Wiring for 
cofTi>ining the IC chips 25 af>d 35, a photo detector 21. ar>d light emittir^ device 31 ir>duding 
wiring for supplying the various powei-source circuit patterns ar»d the signal for control which 
specifically ir>ctode tha ground fine for supplying power in a photo detector 21 , a light enrwtting 
device 31. ar>d the IC chips 25 and 35 etc. is formed. 

[0025] As a r?>ultilayer-interconr»ection substrate 2. the ceramic multflayer-interconrwction 
substrate with which an insulator 4 consists of irwganic materials, such as an akimirw (aluminum 
203). a tow-temperature baking glass ceramic, a gbss ceramic, aluminum night RAK>0 (AIN). and 
a muilite, is used, for example. Moreover, the glass epoxy multilayer-'mterconnection substrate 
with which an insubtor 4 consists of glass epoxy resins, such as FR-4, Made high density 
pattern formation poss2>le with the photolithography technique which used for example, the 
photosensitive epoxy resin etc. on the usual glass epoxy wiring substrate. The so-called build up 
multilayer-intercorwiection substrate, the flexa)le multilayer-intercorwoction substrate which 
used the polyimide film etc for the insulator 4. Or the multilayer-interconrwction substrate using 
organic materials, sut:h as BT resin. PPE (pdyphenyl ether) resin, phenol resin, ar>d polydefin 
re«n (for exanr^ile. Du Pont Teflon (trademark registration)), may be used. The so-called printed- 
circuit board with which it in addition to this, comes to arrange the printing substrata with which 
the electric nrcuit pattern was printed by high density on the core substrate which consists of 
dielectric materials can also be used. 

[0026] The ghie line 6 intervenes between optical waveguide 1 1 and the nnultilayer- 
intercorwwetion substrate 2, for example, is constituted by a photo-setting resin or 
thermosetting resin, such as a glass epoxy resin. Moreover, the thickrtess is about 10 
micrometers. This gkio lino 6 has also played the role which carries out flattening of the 
unevenrtess of a multilayer— interconnection substrate front face other than a role on which 
optical waveguide 1 1 ar»d the multilayei^interconnection substrate 2 are pasted up. 
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[0027] Optical waveguido 1 1 •» constitxAed by the coro layer 54. and th« up claddtng l»y»' 53 and 
the lower claddmg layer 55 *which were formed as surrounded the core layer 54. THs optical 
wavesuide 1 1 has the froot f»co of the multilayer-interconnection substrate 2, and the inelined 
pJarws [ as / whose exterior angles to make are acute angles (45 degrees of abbreviation / 
Here /) ) » la and 1 lb to both ends. In addition, the front face of the multilayer-interconnectioo 
substrata 2 of optical waveguide 1 1 and the exterior angle to make mean the thing of the 
exterior angle of this graphic form at the time of thinking that it is the graphic form which the 
cross section which met in the optical propagation direction of optical waveguide J 1 closed 
Here, the up cladding layer 53 supports to orw example of the ' 1st cladding layer' of this _ 
invention, and the lower cladding byer 55 supports one example of the '2nd cladding layer' of 
this irwention. respectively. Moreover, inclined ptenes Ha and I !b support of»e example of the 
'light reflex section'' of this invention. 

[0028] fcyjlined planes 1 la and 1 lb have the fimction derived in the direction which is made to 
reflect the Kghtwave signal which has spread the inside of optical waveguide 1 1, arxl int^sects 
perpendicularly with the principal plane of the moWlayer-interconnection substrate 2 **wle the 
front face of the muWIayor-interconriection substrate 2 and the exterior angle to make are 45 
degrees of abbreviation as mentioned above, and they reflect the lightwave sigrtal which carries 
out incider>ce in the drection which intersects perperKficuiarly iwith the prirw^pat plarw of the 
multilayer- inter corwvection substrate 2 firom the exterior of optical waveguide 1 1 ar»d intro<fcicing 
them in opticat waveguide 1 1 . 

[0029] The up cladcfing layer 53 ar>d the lower cladtfir^ layer 55 are constituted by the cpoxy 
resm wivch uses as a principal member the bisphend whose refractive irtdex is about 1.52. and 
thickness is 20 micrometers. Moreover, the core byer 54 is constituted by en ingredient with a 
bigger reA^tive index than the component of the up cladding byer S3 and the tower cbdding 
byer 55. for example, the epoxy resin v»hose refractive ir»dex is about 1 .54. The thickness of a 
core byer 54 is 20 micrometers, ar>d wridth of face is 60 micrometers. In adcfition. as long as the 
VP cladding layer S3, a core byer 54. and the tower cladcfing byer 55 fulfilt the conditions that 
the refractive irtdex of a core byer 54 is brger than the refractive index of the up cbdding layer 
S3 and the lower clad(6r« byer 55. they may be constituted by polyolefin resin, such as acnfiic 
resn. such as other ingrecSenta. for exampto. pdyimide. and polymethylmetiwcrybte 
(PMMAPolymethyl MeOtacryiate). polyethylene, and polystyrerw. or synthetic riAber. 
[0030] A photo detector 21 changes into an electrica} signal the lightwave signal by winch 
incidence is cwried out to the plane of inciderwe from optical waveguide 1 1 . ar^ outputs it to 
the electric wiring 3 formed in the muWtoyer-intercorwwction substrate 2, and a photodiode is 
mentioned as the example. Here, the pbne of incidertce of a photo detector 21 is prepared in 
inclvMd plwie 1 la of optical waveguide 1 1. and the tocation which counters so that it may 
intersect perpendicularly with the prirwipal plane of the mohibyer-interconnection si^strate 2. 
(0031] A Hght emitting device 31 changes into a fightwavo aignrf the electrical siffnal inputted 
into a Hght emitting device 31 through the electric wiring 3 of the miAaayer-interconrwction 
substrate 2. and carries out outgoing radbtion of the lightwave signal from an outgoing radbtion 
side to tficlined plane 1 lb of optical waveguide 1 1, and light emitting diode (LEO.Light Emitting 
Diode) is mentioned as the example, h addition, the outgoing radiation side of a light emitting 
device 31 is estabbshed in inclined plane lib of optical waveguide 11. and the location which 
eo(«tters so that it may intersect perpendietdarty with the prindpat plane of the muHjlayw- 
intereonrwction substrate 2. 

[0032] Electronic circuitries, such as ■ digital disposal circuit and a memory circuit, are 
accumulated by the IC chips 25 and 35. and a power source is supplied to them through the 
electric wwing 3 of the multilaycr-intercortr>ect»on substrate 2. Moreover, these IC chips 25 and 
35 are ebctncaOy connected with the photo detector 21 and the fi^ emitting device 31 by 
ebctric wirmg 3, and it has the furK:tion which delnrers and receives an electrical aipial between 
a photo detector 21 and a light emitting device 31. 

[0033] For example, the electrode pad (not shown) n prepared in a photo detector 21, a light 
emitting device 31. and the IC chips 25 and 35. respectively. These electrode pads are in contact 
with the spherical bump (protection) BP who consists of solder (Pb-Sn solder) which uses toad 
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(Pb) and tn <Sn) as a principal corrvwnenL That is. a photo detector 2 1 . a light emitting device 
31. and the 10 chips 25 and 35 are being electrically connected to the electric wiring 3 on the 
mulUlayer-intercannection substrate 2 by Bump BP while they are anrenged on both sides of 
optical wavesuide 11 in bMween. This bump BP oopes with one eiampto of the 'connection 
electrode' of this invention, h addWon. thst by wKch coating of the solder was canried out to 
the sphertJe (field core) which consisU of conductivity of the ball bump who consists of gold 
CAuX or copper (Cu) as a bump BP can also be used 

[0034] Next, an operation of this photoconduotivo www equipment I is exptoined. 
(0035] With thb photoconductive wave equipment 1. it wiO be ■» the cowStion that a photo 
detector 21, a Kght emitting device 31. and the IC chips 25 and 35 can operate, with the power 
suppKed far exmvie from the electric wirini 3 of the multBayerHnterconnection substrate 2. in 
this comStion. if an electricsl stgnsi is eutputted to • light emitlint device 31 from the IC chip 35. 
a EgN amittint device 31 wiO char«e an electrical slpial into s GghCwsve sivwi. and will carry out 
outcoaig radiation of the K^itwave signal from an o«Jt«oint radbtion side. Incidence is carried out 
to incBned plane 1 lb. it reflecu by inclined ptone 1 lb. and the Ighbimve sifnal by which ou^ 
radbtion was carried out is witroduced in optical wavesuide U. Afker it the inside of optical 
waveguide 11 is spread, it reflacta by inclined plane lla. and ncidenee of this li^wave signal is 
carried out to the plane of incidenee of a photo detector 21. The fi^twave signal which carried 
out incidence to the photo detector 21 is changed into an eleetrieal signal, and is inputted into 
the IC cNp 25. Thus, high-speed traRsn«ission of the B^itwave sipial is carried out between the 
IC chip 35 and the IC chip 2S. Moreover, sisnels which may be transmitted comparatively at a 
low speed, such as a low- sp eed control »gnA sre transmitted by the electrio wring 3 of the 
multilayer-interconnection substrate 2 with an electrical Here, the transmission speed of 

a Bghtwsve signal supports to one example of the '1st rete' of tMs invention, end the 
bwsmission speed of an dectrical si^ supports one example of the "Znd rate" of this 
invention, respectively. 

[0036] thus, with the photoconductive wave equipment concemini the gestalt of this operation 
The signal which controls the supply and the 10 chip 35. and the IC chip 25 of power to the IC 
chips 25 and 35, a photo detector 21. and a light emitting device 31 and which may be 
trarumitted comparatively at a low speed The signal which can perform by the electric wiring 3 
of the multaayer-interconr>ection substrate 2. and should be transmitted to a speed 
between the IC chip 35 and the IC chip 25 can be transmitted with a Kghtwave signs! by the fight 
emitting device 31. optical waveguide 1 1. and the photo detector 21. Therefore, the problem of 
delay of the signal by CR time cortstant of electric wiring 3 is solvable, moreover . 
etoctromagnetism — the problem of malftjnetion reautting from the problem of a **** noise or 
wvaveHSie turbulence n also sdvabto. 

[0037] Moreover, with the photoconductive wave equipment concerning the gestalt of thia 
operation, on the multibyer-interconneetion substrate 2. the IC chips » and 35. a photo 
detector 21. and a ight emitting device 31 make optical waveguide 1 1 and Bwnp BP intervene, 
and are mounted, and optical waveguide 11 has abo played the role of the spacer which secures 
the tooth space for stationing Bump BP whito supporting the IC chips 25 and 35. a photo 
detector 21. and a Sght emitting device 31. For this reason, the IC chips 25 and 35. a photo 
detector 21. and a fight emitting device 31 may be fixed by stability on the multilayer- 
intercorvwction substrate 2. Moreover, the distance of the IC chips 25 and 35. a photo detector 
21 and a Bght emittif« device 31, and electric wiring 3 is maintainable to a predetermined vahie 
with optical waveguide 1 1 . 

[0038] Next, with reference to drvwing^ 2 thru/or dnnwi^ . the manufacUre approach of the 
photoconductive wave equipment concerning the gestalt of tMs operation is expbined. In 
adifition. <fc^wins 2 thru/or drawing 4 are perspective views »*iich express one pro<kiction 
process, respectively, fc^ *T!ww«g_5 . (A) is a perspective view showing one proAxrticn process, 
ar^ (B) expresses the cross-section structure which met the XB-XB fine of (A), Drawing 6 . 
tkvmng 7 . and dra^jjng J2 are sectional views whi<* express one pro<fciCtion process, 
respectively. fr> drawing S , dnrmng.f . and dniwingj_l . (A) b a perspective view whirt firactures 
artd expresses a part of one production process, respectively, and (B) expresses the cross- 
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section structure which met the VHIB-VIIIB line ( drawing 8 ). IXB-WB line ( drawwjg ? ). and 
XIB-XIB Im ( drawinx 11 ) of (A), respectively. 

[0039] As shown in <fc^win g 2 . first, for example, quartz gtoss. toad gbss. soda gbss. Or the 
trartsparer>ce substrate 51 exceltont in the surface smoothr>e»s w*hich consists of an ingrei£ent 
(Kfht transmission nature ir^ec^t) which comparatively often penetrates the light applied to a 
visibto region firom uttraviotot areas, such as a mica (mica), is prepared, this transparence 
substrate 51 top — for exampto, pbsma CVD (Chemical Vapor Deposition) — the si^strate 
detached core 52 which consists of *8cid-ized siBcon (Si02) with a thickr>ess of SOQnm is 
formed by approaches, such as law, a heat CVD method, or on optical CVD method. This 
substrate detached core 52 is for separating the transparer>ce substrate 51 from optical 
waveguide 1 1 . The detail is mentioned bter. In adtfition. dbcid-ized silicon is the in8re<fient of 
transparence from an uHraviotot area mostly to the light of a visMe region. Next, on the 
substrate detached core 52. with a spin coat rr>ethod. after applying an epoxy resin so that it 
may become the thickrwss of about 20 micrometers, heat-treatment is performed, and resin is 
solidified, for exampto. the up cbdding byer 53 vnhose refractive index is 1.52 is formed 
[0040] Next, as shown in drawirtg 3 . on the cbdding byer 53. using an ingredient with a 
refractive ir»dex higher than the cofr^xinent of the up cbdtfing byer 53 (for example, epoxy 
resin), by the formation approach of the up cbdcfing byer 53. ar>d the same approach, a 
refi-active index is 1.54 and core byer 54' which is about 30 mtorometers in thickness is formed. 
[0041] Next, as shown in draww>g_4 . the photoresist film (not shown) of a predetermirted pattern 
is formed and RIE is performed by using tiiis photoresist film as a mask. Thereby, core byer 54' 
becomes two or more estranged core layers 54 with a bcltHie fbt-surface configuration. 
[0042] Next as shown in drawir> g 5 . the tower cladding byer 55 whose thickness is about 20 
micrometers is formed by the formation approach of the up cbdcSng byer 53. •r>d the same 
approach aP over the trartsparerwe substrate 51 using the same ingredient as the up cbdtfing 
byer 53. 

[0043] k» addition, after applying a photo-setting resin on each of those substrate layers, you 
may make it form the up cbdding byer 53. a core byer 54. and the k>wer cbdding byer 55 by 
performing an optical exposure to this photo-setting resin, and stiffening resin. 
[0044] Next, as sho*m in drawing 6 . the photoresist film 56 of about 10 micronrwters of 
thickness nun*>ers is formed on the tower cbdding byer 55. Next after performing 
predetermined exposure processing and a devetopment to the photoresist film 56 and processing 
the photoresist Wm 56 into a predetentnined pattem for it. this photoresist film 56 by which 
pattern NINGU was carried out is heat-treated at the temperature for exampto. more »ian gbss 
transition temperature. Thereby, the edge part of the photoresist film 56 flows and an inclined 
pbne (the E section of drawing 6 ) is formed. 

[0045] Next as shown in drawir>g 7 . anisotropto etching of optical waveguide 1 1 is performed by 
usaig the photoresist film 56 as a mask using an RIE system or ECR (Etoctro Cyctotron 
Resortance: electron cyctotron resonance) eqiMpment Thereby, the configuration corresponding 
to the nclirted plar>e of the photoresist film 56, i,e., the fiwt face of the trarrsparence substrate 
51 and the inclined pbnes [ as / whose exterior angles to make are 135 degrees of 
abbrevbtion ] 11a and 1 lb. is formed in the both ends of optical waveguide 1 1. The photoresist 
film 56 is removed after it 

[0046] Next as shown in drawin g B . the muttibyer-interconnection substrate 2 is prepared and 
the ghie line 6 vrith a thickness of about 10 micrometers it is tWn firom f^to-setting resins, 
sudt as a gbss epoxy nam. n formed in the field of the request on this multitoyer- 
intercomection substrate 2 by approaches, such as a spin coat method a cfip coating method s 
spray method, or print processes. 

[0047] Next optical waveguide 1 1 is stuck to the multibyer-interconneetion stAstrato 2 with 
which the glue brw 6 is formed, reversing the top and t>ottom of the transparence substrate 51 in 
winch optical waveguide 1 1 was formed, and performing alignment as shown in <Vawing 9 . Then, 
where the optieid wavegwde 1 1 and the multilayer-intercormection substrate 2 by the side of 
the transparence siiistrate 51 are stuck. Light L is irradiated toward the multibyer- 
intercorviection substrate 2 side from the transparence substrate 51 side. The photo-setting 
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resin which constitutes a glue fine 6 hardens by this, and the multitoyer-intorconnection 
substrate 2 fixes in the location of a request of optical wavefwde 1 1. If the short-time fight L n 
irrsifated with the big quantity of fight at this time, a strain wtB arise wi optical wsveoiide 11 and 
optical trartsmission toss will become large. Then, the exposure of Light L is performed over 
many htun with the comparatively small quantity of GghL For example, when using an extra-high 
pressure mercury bmp (wavelength: g fine (436nm) coreX H is 10 mW/em2. It carries oU for S 



(004$) Drawing 10 is a sraph showing the fight traramittanea of the epoxy resin (Imm in 
thiekness) used in the gestalt of this operation as a core layer 54. the up cladding layer 53, and a 
lower claddkig layer 55. An axis of ordmato shows transnattance (unifK). artd the axis of 
abscissa shows the wavelength (unit: nm) of light As drawing 10 abo shows, this epoxy resin is 
iiiht transmission nsture resin which makes the Kght of the rfoar-ultraviolet fieki of long wave 
IwigtK and a visMe region penetrate about 90% from about 3SXkwn. Moreover, as described 
above, it has sufficient transparency, substrate appl^g ( the transparence substrate 51 and / 
52 ] them to a visibto regmn firom an ultravmlet area. The fight L which foOowsJ for exampto. is 
emitted from an extra-high pressure mercury lamp hardens completely the ghM fine 6 which 
penetrates the transparence subsb'ste 51. the substrate detached core 52. and optical 
wavecMde 1 1. and fuNy reaches to a glue fine 6. for example, consists of a gbss epoxy resin. 
] Next the transparence substrate 51 and the multaayer-interconneetion substrate 2 are 
d in a thin hy^ogen fhioride (HF) sokition or a buffer hydrogen fhioride (BHFAiffsred HF) 
n the condition that the multilayer-interconnection substrate 2 has fixed to optical 
waveguide 11. Thereby, as shown in drawir|gj.l . dissokition removal of the substrate detached 
core 52 formed between the trartsparanee substrate 51 and optical wavecuide 11 is carried out 
it win be in the eontfition (Gft off) that the trartsparence substrata 51 on the substrate deto^d 
core 52 was separated from optical wavegMde 11. and optical waveguide 1 1 wrifi be imprinted by 
the multilayer-interoonrtection substrata 2. After it prewaslwig of the muWbyer-intercanneetion 
siibstrate 2 with which optical wavegiride 11 was imprinted is carried out bywater. it b washed 
and is dried. 

[0050] Next as shown in drawin g 12 . Bump BP is formed in the electrode pad whkdi a photo 
detector 21. a light emitting device 31. and the IC chips 25 snd 3& do not iHustrste. respectively. 
The spherical section which specifically consists of gold formed at the tip of a golden thin line is 
stuck to a photo detector 21. a light emitting device 31. and the electrode pad of the IC chips 25 
and 35 by pressure, respectively, as a thin fine is pultod apart from the spherical soctmn. 
between the spherical section ar>d tWn lines is cut and Bump BP is formed A photo detector 21. 
a Ught emittv^g device 31 . and the IC chips 25 and 35 are mounted in the mwltilayer- 
intercorv>ection substrate 2 by the flip-chip-bor>ding method after it and the reflow of extent 
which does »*ot give a damage to optical waveguide 1 1 is performed. Here, the fUp-chip-bending 
method carries out alignment of the e le c trode (wiring) which counters Bump BP artd the bump 
BP prepared in the multilayer-interconnectjon substrate 2, sticka it and means the apprMch of 
applying heat and a pressure ar>d joirw^ these. In adifition, after supplyins solderirtg peste to the 
tocation of the request on the multibyer-interconneetion substrate 2 by print processes etc.. 
without using the flip-chip-bonding method a photo detector 21 etc. may be mounted and a 
refk>w may be performed. Moreover, it is also possbto to movit other components other than a 
photo detector 21. a light emitting device 31. and the IC chips 25 and 35. such as for exsmpto. s 
chip moM resistor, a capacitor, or an indictor. 

(0051) Although iOustration u not carried out to the last the resin for the ctosures (for example, 
epoxy resin) is introduced using capilbrity between the mounted photo detectors 21. the fight 
emitting devices 31. and the iC chips 25 and 35 and the multibyer-interconneetion substrates 2, 
ar>d a photo detector 21. a fight emitting device 31. and the IC cMps 25 and 35 are ctosed. 
Thereby, a photo detector 21. a light emitting devtoe 31, and the conrtection dependabifity of the 
IC chips 25 and 35 and etoctric wiring 3 improve. 

[0052] Thus, even if it is the case where the multilayer-interconnection substrate 2 writh surface 
.large irregularity is used as a support base since it was made to imprint to the multilayer- 
interconnection substrate 2 after forming optical waveguide 1 1 beforehand on the transparence 
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substrate SI excellent in surface smoothness by the msnufacturo approach of the 
photoconductive wave equipment concerning the gestalt of tMa operation, it is possible to 
produce the photoconductive wave equipnient 1 which has the optical wavegwde 1 1 with little 
optical transmission loss. 

[0053] Moreover, since aecortfing to the gestatt of this operation the oersmic multilayer- 
vitercomection substrate and printed-drcwt board of low cost are comparatively used as a 
multilayer-interconnection substrate 2 and it was made to mount components, such as the IC 
chips 25 ar«d 35. a photo detector 21. and a fight enMtting device 31. on tNs multilayer- 
interconnection substrate 2. componenU can be mounted ea^. Fwthermore. an electric wiring 
layer can be formed by the thin fBm technology on a silican substrate, and the photoconAictive 
wave equipment 1 which can perform the signal transmisdon by light the signal transmission by 
the electrical and electric equipment, and an electric power supply to com ci denee compared with 
the conventioiwl method of mounting componenU on it can be manufactured more cheaply. 
[0054] M oreover, since the optical waveguide 11 wMoh tfvided into the thin film process which 
forms optical waveguide 1 1. and the thieh-fibn process which forms the moHHayer- 
intercorwwction substrate 2. and was formed of the thin film process was imprinted to the 
multibyer-interconneetion substrate 2 acconfing to the gestalt of this operation Even if it does 
not use the spin coat method with whi^ fSm formation is made tfffioiA on substrates other than 
a dbcHats substrate, optical wavegunSe 1 1 can be farmed easily on the substrate of other 
configurations, such as a polygon. Consequently, the degree of freedom of selections, such as a 
configuration of the substrata (here multilayer -in t erconnec ti on substrate 2) as a support base of 
optical wavegwde 1 1 and an ingredwnt can plan breadth and manu^ture cost roAiction. 
[0055] Moreover, while using the process which imprints optical wmeguide 11. ««ten it formed 
optical wavegwde 1 1 in the transparence substrate 51 beforehand independently [ the 
multilsyer-interconrtection substrate 2 ] tike tiie gestalt of this operation, and the cross-section 
configurition (ospectaDy width of face) of optical wsvepjide 1 1 is formed greatly, the aignment 
of the IC chips 25 and 35 to optical wavegiMde 11. a Kght emitting device 21. and a photo 
detector 31 becomes easy, and it becomes possible to reduce a rranuNeturing cost also at this 
point 

[0056] In adifition. with the gestalt of this operation, it was made to mount the IC chips 25 and 
35. a light emittir>g device 21. and a photo detector 31 so that optical waveguide 1 1 mi^ be 
touched by using optical waveguide 1 1 as a spacer, but as mentioned above, in fwse a reflow is 
performed at the time of mounting, it is necessary to pay attention so that a damage may not be 
given to optical waveguide 11. Therefore, by using Bump BP as a spacer, you may mount so that 
optical waveguide 11. the IC chips 25 and 35. a Bght emitting device 21. and a photo detector 31 
may estrange. In that case, while the stance of the IC ^»ips 25 and 35. a Kght emitting device 
21 and • photo detector 31. and electric wirir^ 3 is maintained by Bump BP et a predetermined 
value, rebable electrical instaUation becomes possble. 

[00S7] (Gestatt of the 2nd operation) The gestalt of this operation is related with the 
manufacture approach of photoconductive wave equipment. The photoconductive wave 
equipment used as the object is the same as that of the gestalt of implementation of the above 
tst except for the point that between each optical wavegMide n separated. Hereafter, with 
refererwe to drawirwt 1 thru/or drawing 5 and Rawing 13 thru/or drawins 20 . the manufacture 
approach of the photocor>ductive wave equipment of the gestalt this operation is explained. 
Drawins 13 thru/or drawing 20 are perspective views which fracture and express a part of each 
production process, respectively. In addition, the same sip> is given to the same component as 
the gestalt of ^ 1st operation, and the detailed explanation is omitted here. 
[0058] By the manu^cture approach cor>c«ming the gestatt of this operation, the substrate 
detached core 52 8r>d optical waveguide 1 1 are first formed on the transparence substrate 51 
like the process shown in drawing 2 of the gestalt of the 1 st operation - drawing 5 . 
[0059] next, it was shown in Arawing 13 — as — an optical waveguide 1 1 top — for example, 
plasma CVD (Chemical Vapor Deposition) — the stratum di^iuncXum 91 wfwch consists of 
<fiacid-ized siBcon (Si02) with a thickness of SOOnm is formed by approaches, such as bw, a 
tieat CVD method, or an optical CVD method. Thb stratum di^iurtctum 91 is for removing 
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dissolution removal of the substrate ftetached core 52 by the approach of the process shc»wn in 
drawwng 11 ci the gestalt of the 1st oper a tion, artd the same approach. The following processes 
are the same as the gestalt of the 1st operation. 

[006*0 Thus, while forming beforehand two or more optical waveguide 1 1' sepsrated mutually on 
the transparence substrate 51 with the gestalt of this operation Since the ghie Kne 6 in the 
condition of not hardefwig and optical waveguide 1 1' m*wd% were formed sO over the multilayer- 
intercorviection s(i>strate 2 usir^ the Gght-shiehfirtg film 92 are studk and it was made to stiffen 
altematively only the gkie Bne 6 of the lower part of an optical waveguide IT formation field Two 
or more Optical wavegMde 11* on the trar*sparence substrate 51 can be imprinted good to the 
multaayer-imerconnection substrste 2. That is. on the multilayer Hnt e r c onrwction substrate 2. it 
estranges mutually, and is formed, and two or more optical waveguide 1 1 ' with little optical 
transmisvon loss can be arrartged. 

[0068] Moreover, although the case where a flat-surfisce configuration formed two or more 
band-like optical waveguide 11' was explMned here The ftot-surfaee configuration of the 
arbitration formed on the tranaparence substrate 51 vrfwn using the manuhcture approach of 
the gesUlt this operation Optical waveguide can be imprinted only in e required part, without 
impri n tin g in the field which he can imprint [ field ] (optical waveguide [ for example, ], such as 
shape of shape [ of L character ]. shape [ of U character I and radii] 11' to the multilayer- 
interconnection substrate 2. for example, does not want to imprint optical waveguide Uke the 
eleirtrode formation fidd of the multilayer-interconnection substrate 2. 

[0069] (GesUlt of the 3rd operation) The gesUlt of operation of the 3rd of this invention b the 
same as that of what showed the structure of the photoconductive wave equipment as the 
obieet iUelf to drawirm 1 about the manubcture approach of optical waveguide. Except for the 
point that the formation approaches of the incGned plar>es 1 la and 1 lb of optical waveguide 1 1 
diffier. as for the mafwfeeture approach of the photoconductive wave equipment concemirtg the 
gestalt of this operation, others are the same as that of the gestalt of the 1st operation. 
Hereafter, it expbins wnlh reference U #nMng. 21. thru/or drawMng,23 . h addKion. in these 
dravnngs. the same sipi is given to the same compone n t as the gesUlt of tfie 1st operation, and 
the deUiled explanation is omitted here. 

[0070] 8y the fomation approach of the stcfirted plane of tiie gestalt this operation, first, as 
shown in A^wing 21 . the optical waveguide 1 1 which oonwsU of the up cladding layer S3, a core 
layer 54. and a lower daddmg layer 55 through the substrate detached core 52 is formed on the 
transparence substrsU 51. Next, the metal membr a ne 60 which censtsU of riuminum is formed 
with vacuim dep<»ition on the lower cladding layer 55. Next, after forming the photoresist f^m 
56 on a meUl membrane 60. while per f orming predetemwied exposure and a development to the 
photoresist film 56 and forrrHng a desired photoresist pattern, an inefined plarM E is formed in the 
edge part of the photoresist film 56 by heat-treatir^ the photoresist film 56 at the temperature 
for example, more than glass trartsition temperature. 

(0071] Next as shown in drawif ii 2? . by using the photoresist film 56 as a mask, a metal 
membrane 60 is etched and let tite both ends of a meUl membrane 60 be the irtcGned planes F 
of the configuration corresporKfir^ to the inclir>ed plarM E of the photoresist film 56. 
(0072] Next, it is C02 from a desired irwhide angle, using a meUI membrane 60 as a mask, as 
shown in drawirwe 22 . The laser beams LB. such as gas laser, are irradiated and optical 
waveguide 1 1 is cut h is made for the cutting piarte used as the edge of optical waveguide 1 1 to 
turn into the incGned planes 1 la and 1 lb which inclirwd at 45 degrees of abbreviation to the 
longitudinal direction (the optical propagation direction) of optical waveguide 1 1 at this tirrw. The 
process after it is the same as the gesUlt of the 1st operation. 

[0073] Thus, since it carries out by irradiating a laser beam LB to formation of the inclined 
planes 1 1 a ar>d 1 lb of the edge of optica waveguide 1 1 from a predetermined inckjde artgle. and 
cutting optical wavegiMie 1 1 according to the gesUll of this operation, rt can form often 
( precision ] and easily rather than the €»se where irtclirwd planes 1 la ar>d 1 lb are formed only 
according to a thin film formation process. 

[0074] (GesUlt of the 4th operation) The gesUlt of operation of the 4th of this invention is the 
same as that of what showed the stntcture of the photoconductive wave equipment as the 



alternatively the light-shieltfing film 92 (referring to d™>w>g .15 ) mentioned later. Then. ti»e front 
face of the transparence substrate 51 arwl the inclined pbrves [ as / whose exterior angles to 
make are 135 degrees of abbreviation ] 1 la and 1 lb (here, not shown) are formed in the both 
ends of optical waveguide 1 1 using the same lithography technique as the gesUlt of the 1st 
operatiorv 

[0060] Next, as shown in dhrawmg jjt . stratum di^unctum 91. optical waveguide 11. and the 
substrate deUched core 52 are alternatively removed by forming the photoresist film of the 
predetermined pattern which is not illustrated and performing etching processing of laser beam 
machining or plasma etching and ion beam etching for example, using the oxygen (O) plasma, 
etching (powder beam etching) using powder, etc. by tising this photoresist film as a mask. Here, 
since it is necessary to remove cerUirdy until it reaches the inferior surface of tongue (nanwiy, 
aiterfaee of the up cladding toyer S3 and the substrate detached core 52) of optical waveguide 
11. it is made to perform laser rwiiation or etching until the substrate deUched core 52 is 
exposed. Thereby, the stratum di^junctum 91 formed optical waveguide 11 and on it is (fivided to 
two or more optical waveguide 11 ' and stratum di^unctum 91' which were estranged mutually. In 
addition, when the part to remove is the simple pattern constituted by the straight Hne, you may 
make it dicing etc remove. 

[0061] Next, as shown n draw wg 15 . the Bght-shielifing film 92 which constsU of chromium (Cr) 
with a thickness of lOOhm is formed in the transparence substrate 51 . optical waveguide 1 1. and 
the whole exposure of stratum divunctum 91 by vacuum deposition or the spatter. In addition, in 
case a Kght-shieMmg film 92 exposes and stiffens the glue line 6 mentioned later, it is for 
shaifcig altematively. InoidenUBy. as king as it b the ir^recBent which can intercept ight as a 
compone n t of a fight-shiddwig f9m 92. insredbnU other than chromium may be used. 
Spedlieaiy. ^urmnum. a tanukan (Ta). etc. may be used 

[00623 Next, as shown ei Awing 16 . the Gght-shieUmg film 92 to which it is in conUet with 
stratwn di^unctum 91' (namely, on optical waveguide 11) b altematively removed by carrying 
out dbsdution removal of stratum di^junetum 91' which conmU of dbcid-ized sitbon using a 
rare fluorie acid sohition (the rrft-off methodX Thb w9l be in the condftion that only the top face 
of opttcal waveguide 1 1 was exposod. 

[0063] Next as shown m dhwnigJ7 . the muMlayer-in t er o onnectien substrate 2 b prepared and 
the ghie Bne 6 with a thickness of about tO micrometers a b thin firom photo-setting resins, 
su^ as a ^ass epoxy nttan. b formed in the Add of the request on thb midtaayer- 
intwconneetion aubstrate 2 by approaches, such as a spin coat method, a dip costing method, a 
spray method, or pre A processes. 

(0064] Next after csrrying out tup a nd b utt om revered of the transparence substivta 51 with 
which optical waveguide 11' was formed Kke the process shown in drawing 9 of the gesUlt of the 
1st operation and sticking the multilayer-intereonnection substrate 2 to optical waveguide 11' by 
pressure aa shown in drawing 18 for example. Ught L b irradbted towards the direction of the 
muMay er interconnection substrste 2 firom the transparence substrate 51 side. Here, it b 
formed only in the field in which a Bg ht ah b ldmg film 92 b not formed in the interface of optical 
vmveguide 1 1' and a gkie tine 6. and optical wavepiide 1 1* of the side foce of optical wavegMile 
1 r and the opposed foces with the multaayer -interconnec t ion substrate 2 of the transparence 
substrate 51 b not formed. Therefore, the fight L irratfated from the tra n spar e nce substrate 51 
side reaches to a ghia fine 6 only in the field A in which optical waveguide 1 1' b formed, b 
intercepted by the Ught-shieUing film 92 in the other fields B. and does not reach to a ghie Bne 
6. Cortsequently. the fieM A of the lower port of optical waveguide 1 1' hardens among gkw fines 
6. and the other fields B serve ss as [ un -h a rdening ]■ And the nwdti to yei in t eicuim e ction 
substrate 2 fixes to optical waveguide 1 1* by this hsrdened ghie fine 6. 
[0065] Next as shown in dtwhwi 19 . dissolution removal of the resin of the field 8 with 
hardenm g b altematively carried out by tfte acetone or ethand. without Light L being irradiated 
by the Bght-shbkfing film 92 of the ghie lines 8. 

[0066] Next after dissolving the Bght-shidcfing fBm 92 which consisU of chromium using an 
acidw sohition (for example, sohition of hy^ochlorie acid) as sho«wi in drawing .20 frir example, 
opticd waveguida 1 V is imprinted to the muftiayer-interecnneetion substrate 2 by carrying out 
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obiect itself to drawingj.. about the manufacture approach of optical waveguide. Except for the 
point that the formation approachea of the irwiined planes t la and 1 lb of optical wavegwde 1 1 
dfffer. as for tiie marxifscture a p pro a ch of the photoco n duc ti ve wave equipment comeming the 
gestsit of thb operatiorx others are the same as that of the gesUlt of the 1st operation. 
Hereafkv. it explains with reforence to drswing 24 thru/or drawing 27 . tn addhion. in these 
i t a wi ng* , the same s^ b given to the same c omponent aa the gesUlt of the 1st operation, and 
the detaOed explanation b omitUd here. 

[007S3 in the gestalt of thb operatioa first as shown in drawing 24 , in the same process as the 
gestalt of the lat operation, the substrate detached core 52 b formed on the transparer>ce 
substrate 51. and the opticd waveguide 1 1 which cor>sisU of the up cladding layer 53. a core 
layer 54. and a lower cbddk^ layer 55 on thb b formed. 

[0076] Next as shown in drawii» 25 . the host tod T which has two letter slant faces Ta of 
b e vdin g which indine at 45 degreea of abbrevbtion to an apical surfoce Tb is prepared, and it 
heaU to the tempe r a t ure more tiian the glass trartsition temperature of the resin material which 
constitutes the up claddmg layer S3, the core toyer 54. ar>d the kmer ctod^g toyer 55 which 
constitute optical wavegiMde 1 1 for tMs heat tool T. Then, the tip of the heated heat tod T b 
forced on the multaayer-intereonnection siAntrate 2. and opticd waveguide 1 1 b ftised. As long 
as it b required, you may make it move the heat tod T in the <Srection in aBgnmerrt with the 
prineipd plane of the muHilayer-interconneotion substrate 2. 

(OOTQ Next if the heat tod T is removed from the multitoyer-inUrconnection substrate 2 as 
ibown b dhmwtg 26 . Crevbe H wiB be formed in tiw fieM to which melting of the opticd 
waveguide 11 was carried out and the irtdde of Crevice H wiO turn into the inclined ptones 11a 
and lib which indir>ed at 45 degrees of abbrevbtion to the kmgitudind direction of optical 
waveguide 11. fn adtftion. around Crevice K Society for Cutting Up Men (processing waste) K is 
generated aecortfing to heat deformation. For this reaaon. the forming face of Society for Cutting 
up Men K of a substiaU 51 b forced on the pofished surface of the GURAINDO substrate 71, 
and b vound Bghtly. As shown in drawins.2.7 . whSe Society for Cutting Up Men K around 
Crevice H b removed by thb pofidi. ftottaning of the top face of opticd waveguide 1 1 is carried 
out The incined planes 11a and 1 lb of opticd wavegMde 11 are compbted by finally performing 
washing / desiccation procesdng. The process after it b the ssme as the gestalt of the 1st 
operation. 

[0078] Thus, aecortfing to the gestalt of this operation, since he b trying to form the incfined 
planes 11a and 1 lb of optical waveguide 1 1 by the dent face Ta of the heat tod T. these 
incfaied planes 11a and lib can be fomwd in whenever [ same tilt-angb / as the dent foee Ta 
of the heat tod T ]. and the preddon of incfined plartes 1 la and 1 lb can be rabed 
[0079] ((Result of the 5th operatiorO The gesUlt of operation of the Sth of thia invention is the 
same as that of what showed the structure of the photoconductive wave equipment as the 
object itsdf to drawing 1 about the manufocture approach of opticd waveguide. Except for the 
point tlwt tfie formation approaches of the incfined planes 1 la and 1 lb of opticd waveguide 1 1 
dMer. as for the manufacture approach of the photoconductive wave e q uipment con c ernin g the 
gestalt of thb operation, others are the same as that of the gestdt of the tst operation. 
Hereafter, it expbins with reference to drawing 28 thru/or tkawing 30 . In addtion. in these 
<kawif«s, the same ai^ b given to the same component as the gesUlt of the 1st operatiort. and 
the deUiled explanation b omitted here. 

[0080] hi the gesUlt of thb operation, first as shown in drswmg 28 . in the same process as the 
gestdt of the 1st operation, the substrate deUched core 52 b fDrimed on the transparence 
substrsU 51 . and the opticd waveguide 1 1 vMch consisU of the up cladding layer 53. a core 
layer 54. and a lower ctoddmg layer 55 on thb b formed. 

[0081] Next as shewn in drmmna. 29 , cutting means, such as a db'ng saw. cut the transparence 
substrate 51 with which opticd wavegwde 1 1 was formed at the irwkide angle of 45 degrees to 
the tongitudinel (firection (the opticd propagation direction) of opticd waveguide 1 1 (the F 
section of drawing .^9 ). 

[0082] Next as dtown in drawing .30 . the cut trarwpsrence substrste 51 Is made to incBne at 
the vKhide angle of 45 degrees to the GURAINDO substrate 81. and the cutting plw>e of the 
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transparence SMbstrate 51 is conueted to the polished surface of the GURAINDO substrate 81. 
and is BTOund. friclined plane I la which ihclinas at 45 decrees to tha longltiMfinal cfireetion of 
optical wavefliiide 1 1 by this in the end section of optical waveguide 1 1 can be formed The 
fbUowint processes are the same as the cestelt of the tst operation almost. 
[0083] Thus, aeconfrii to the cestatt of this operation, since he is trying to grind mechanicaUy 
inelmed plsne tia of optical waveguide 11. the precision of inclined plane 11a can be raised. In 
addition, since end-bee proeessirv of optical waveguide t1 by which two or more airays were 
carried out along with the principal plane of the transparence substrate 51 can be put in block 
and the fermation approach of this inefined plane 11a can perform it it is eonwerwent 
[0084] (Gestalt of the 6th operation) The gestalt of operation of the 6th of this invention is 
related with the photoconductive wave equipment constituted as an iqitical transceiver modUe 
which transmiu «nd receives data throud< • 1 heart optical fiber. Drawing. 3.1 expresses the 
ffoss-seetion structure of the photoconductive wave equipment corMseming the gestalt of this 
operatiorv In addHion. the same sign is given to the same component as the gestsK of the 1st 
operation, and the explanation is omitted here. 

[0085] This photoconductive wave equipment The multilayer-interoonnection stAstrate 2 (for 
exanvle. glass opoxy multaayer-interconnection substrate). The laser dk>de 101 and the 10 chip 
102 of the edge surf»ce-emittif« type as a light emitting device the optical wsvegiMle 1 1 fbrnwd 
on the mulUbyer-intereonnection substrate 2. and for the transmission mounted through Bump 
BP on the multilayer-interconnection substrate 2. It has the photo detector 103 embedded at 
the multilayer-interconnection subsbvte 2. the photo detector 103 on the multilayer- 
intercorvMction substrate 2. and the 1 heart optical fSier 201 arranged in the location whicA 
courtters. Moreover, it is possi>le to carry the circwt and eomponenU of the others represer^ed 
in the drive circuit of a laser diode 101 and receiving circuiu. such as transimpedanca amplifier, 
on the niultilayer-<nterconr>ection substrate 2 (not shown). 

[0086] Optical waveguide 1 1 was imprinted on the muHOayer-interconrwetion substrate 2 by the 
approach of the gestalt the 1st operation, and has fixed to the multilayer-interconnection 
substrate 2 by the glue tir>e 6 which served as the passivation film which consists of resin. The 
frorrt face of the muttilayer-interconnection substrate 2 and the exterior angle to make are 45 
degrees of abbrevtatiorv and ir>cfined (^ane 11a vt^ch functions as 8 reflector m formed in the 
end of optical wavegtwde II. Optical waveguide 1 1 is positioned so that the k>cation of incGrwd 
plane 1 la may come to the center section of the photo detector 103. The photo detector 103 
has sensBMlity to the wavelength of the Kght which receives light 

[0087] The 1 heart opticd fiber 201 consists of a fiber core layer 202 formed in the interior, and 
a fber cbddif« layer 203 formed in the periphery of the fiber core layer 2X0. and it b prepared 
so that the end section may estrange only a predetermirted cfistance from a photo detector 103. 
The <&ameter of the fiber core byer 202 is large enough compared with the mafiriitude of irtdined 
plarte lis. 

[0068] It is inputted into optica) waveguide 11, optical waveguide 1 1 is spread it raflecU at 
inclined plane 11a. and the Kghtwave signal outputted from the laser diode 101 with this 
photocortductive wave e<]utpment is the outgoing redation light Lout It carries out and is 
efficiently introduced into the 1 heart optical fiber 201. Moreover, the quantity of Kght of the 
incident Kght Lin outputted from the 1 heart optical f3>er 201 kicked by irK:lir>ed plane 1 1 a 
although the large field of the muitBayer-interconrwction substrate 2 containing irtclined plane 
}\» of optical waveguide 1 1 irracfiates is sKght and since most incident light Lin is absort>ed by 
light sensir^ portion 103a of a photo detector 103. it can perform efficient reception. 
[0089] Thus, accordng to the gestalt of this operation, it becomes large. arKi it is k>w cost and 
the d^ee of freedom of arrangement between the 1 heart optical fiber 201. and a photo 
detector 103 and a toser diode 101 can cortsider as a powerful optical transceiver moduie. 
[0090] As menUorwd above, although the gestalt of some operations was mentioned and this ' 
invention was explained, this invention is not limited to the gestalt of each above-mentioned 
implementation, and b variously deformaUe. For example, although considered as the 
confi^jretion on w^wch the lower cladding layer 55 of optical waveguide 1 1 was pasted up on the 
glue lir»e 6 with the gestalt of the above-mentioned implementation, if the ingredient which 



achieves the same function as the lower cUd<fing layer 55 constitutes a gKie lir*e 6. the k>wer 
cladding layer SS can consider as the configuration which serves as the gkie line 6. Moreover, it 
is also possible to consider as the configuration which does rwt form the up cladding layer 53 
about the up ctadcftng layer 53. either, as uses air as a cladding layer in case optical waveguide 
1 1 b imprinted to the multllayer-vtterconnection substrate 2. These results, the formation 
proMss of optical waveguide 1 1 can be simplified and a manufscturing cost can be rediced. 
[0091] Moreover, thermosetting rasin can also be used although the gestalt of implementation of • 
the above 1st explained the case where a photo-setting resin was used as a formation ingredient 
of a ghie line 6. bt thb case, after forming optical waveguide 1 1 in the transparence substrate 51 . 
the ghie fine 6 which consisU of thermosetting rasin. such as an epoxy resin or acrylic resin, by 
prim processes is formed in the fieM of the request on the multilayer-interconnection siA>str8te 
2, and it heaU in the condition of having made the optical wavepjide 1 1 on the transparerwe 
substrate 51 aticking the mtdtilayer inter c omoetion substrate 2. The thermosetting resin which 
constitutes a glue line 6 hardens by this, and the multil a ya- inter c onnection substrate 2 fixes to 
optical wavepjide 1 1. h this ease, the substrate for optical waveguido formation (the 1st 
substrate in this invention) may not be the thing of Gght transmission rwture. However, in order 
to make alipiment in the case of an imprint easy, it is desirable to use the substrate of 

[0092] Moreover, althoufh this substrate detached cora 52 is iSpped in a thirt hydrogen fluoride 
sokAien or a buffer hydrogen fkioride aohition snd it was made to carry out ^sokrtion removal 
with the gestalt of the ^ve-mentioned implemen t ation while using diaeid-ized siicon as a 
formation inp-edient of the substrate detached core 52. it b possible to spray orcanie solvents, 
such as wi acetone or isopropyl alcohol, in the shape of a shower, to dbsdve the substrate 
detached core 52. and to alao make the substrate detached core 52 and optical wavepade 1 1 
separata by these interfaces. Furthemtore; the substrate detached core 52 b formed with the 
metaOie material in which wet etcMng, su^ as akaninum (akaranum) and copper, b pos«ble. and 
it may be made to carry out db s okiticn removal of thb substrate flotaehed core 52 using 
sokitions. such as a thin h ydro ch lor i G acid (HCO. a sodkan hydroxide (NaOHX or a potasswm 
hy*oxkle (KOH). 

[0093] Moreover, althouih tranamission natire ingredbnta. such as quartz gbss. were used 
as a transparertce aubatrate 51. you may make it use ingredients, such aa photosensitive glass 
which has fight t r a ns m i s sion natura and can ^aolve. with the gestalt of the above-mentioned 
implementation. In tfib case, since it <Sssolves by d«iping in the rare hydrogen fluoride sokAion 
for example, below 5 vokjme %. photosensitive glaaa becomes unneeessary [ the substrate 
detached core 52 ]. 

[0O94] Moreover, although the Kght reflex section GncGned planes 11a and lib) was prepared in 
the whole end face of optical waveguide 1 1. you may make it prepare only in the end face of a 
core layer 54 with the gestalt of the above-tnentioned implementation. 
[0095] 

[Effect of the I n ven t ion] Since thb optif»l wavegiide b arranged on a aubstrate and it was made 
to fix aeoorcEr^ to photoconductive wave equipment given in any 1 term of fdaim 1 thru/or daim 
24 as explained above while fbrming optical waveguide separately beforehand, it becomes 
possibte to coBater^e a fixed property, without being influenced by the class and conf^'stion 
of a substrate wwhieh support optical waveguida laiiaie the case whera drect optical wavegwde b 
formed on a substrata. Therefore, the effectiveness that it can cortstitute using the substrate of 
arbitration b done so. 

[0096] Since it constituted espedaOy according to photoconductive wave equipment pvon in any 
1 term of claim 8 thru/or daim 24 so that optical waveguide, a fight emitting device, or a photo 
detector might reach on the other hand at least and it might have an integrated circuit on the 
substrate with which ebctric wiring was formed While carrying out high-speed transmission of 
the signal which shouU be transmitted to a high speed as a lightwave signal, the signal which 
may be transmitted comparatively at a k>w speed can also use a transmission gestaK properly 
accordf^ to an application or the purpose as it transmits as an electrical signal. Therefore, when 
transmitting with electric wiring, while the propagation deby of the signsi which poses a problem 
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b canceled malfta>ction which a possibility that it may be influenced of sn electromagnetic noise 
decreases, consequently ori^rtates in wave-fike turtmlence can be prevented effectively. 
Therefore, if thb photoconductive wave equipment is used, only with ebctric wring, sigrial 
transfer of the high speed i mplementation was difficult the high speed wiO be attained artd it win 
also become possMe to rwse the engirM perfbrmarwe of a system or a network by baps and 

[0097] Moreover. Mnce the optical waveguida formed on the 1st substrate wras imprinted to the 
2nd substrate according to the manufacture approach of frfietocmnduiAive wave equipment pven 
in any 1 term of da'vn 25 thru/or ctoim 61. the effectiveness that the optical waveguide which 
was abb to be formed only on the expensive substrate which was excellent in thermal resistance 
in the former can be formed on the cheaper substrate of the ingredient of arbitration and a 
configuration is done so. Furthermore, optical wavepade vnth little optical transmission loss b 
producble by using the substrate which was oxceAent in surface smoothness ss the 1st 
substrate. 

[0098] According to the manufactura approach of photoconductive wave ec|uipment given in any 
I term of claim 34 thru/or claim 36. especblly After forming two or more op t ical waveguides 
estranged mutually on the 1st substrate and pasting up the 2nd substrate on such optical 
waveguides through a ghie line, Sirwe only the fieM corresporxfing to the field in which optical 
wavegiade is formed among gkie Grtes is exposed altematively and it was made to stiffen it two 
or more optical waveguides mutuaBy diwded into the fiekl of e request of tiie substrate of 
arbitration can be imprinted. 

[0099] Moreover, since the electric wiring substrate beforehand formed of tfte thick-film process 
was used as the 2nd substrate acetx-ifing to the manufectura approadt of photoconductive wave 
equipment ^en in any 1 term of cbim 39 thru/or claim 61. after forming dectric wiring on a 
substrate using a thin film technology, it can manufacture easily and more cheaply than the case 
v4>ere optical waveguide is formed on it 

[0100] Sirwe what contains at bsst one sort of polyimide and an epoxy resin cheaper than a 
quartz, acrylic resin, polyobfin resin, or synti>etic rubber as an ingre<Sent which forms the 1st 
arul 2nd cbdding byers was used especwily accoriSng to the manufacture approach of 
photocorwkictive wave equipment according to claim 48. reduction-ization of the ingredient cost 
of optical waveguide can be attained. 

[0101] Moreover, according to the manufacture approach of photoconductive wave equipment 
accorcfing to cbim 52. since it was made to carry out by [ of optical vraveguide ] irratfiating a 
laser beam to formation of the inctirted plarte of the end section from a predetermirted irtdude 
angb. and cutting optical waveguide at least it can form often { precision ] and easSy rather 
than the case where it forms only according to a thin film formation process. 
[0102] Moreover, sirwe at least 1 end face of optical waveguide was processed on the irtcfirwd 
pbne by heating the heating tool wfvch has the ir>clir>ed plane of a predetermined include artgle in 
a point, and carrying out a ck>set to optical waveguide according to the manufacture approach of 
photoconductive wave equipment aecordirv to daim 53. the inf:fined pbne of optical waveguide 
can be formed in whenever [ same tilt-angle / as the incKfted pbne of a heating tod ]. artd the 
precision can be raised. 

[0103] Moreover. sir>ce the end face formed of cuttir\g of the 1st substrate is ground and it was 
made to consider as tha irwlined plane of optical waveguide after cutting the 1st substrate with 
v^ich optical waveguide was formed at an angle of predetermined according to the manufacture 
approach of photoconductive wave equipmerrt accordng to claim 54. the precbion of an inclined 
plarw can be raised. 

[0104] Moreover, since optical waveguide was used as a spacer which a light emitting device or a 
photo detector reaches on the other hand at least artd intervenes between an integrated circuit 
and the 2n6 substrate according to photoconductive wave equipment accor<fing to cbim 60. on 
the other hand a Kght emitting device or a photo detector can reach at least and an integrated 
ciroMt can be fixed to stability on the 2nd aubstrate. 
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♦ NOTICES • 

JPO and NCIPI ara not rasponsibla for any 
da*a(ei caused by tha usa of thia tranalatioa 

1. This document haa ba«n translated by computer. So the translation may not reflect the oricinal 
precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin i 1] It is a sectional view showing the configuration of the photoconductlve wave 
oqiipmenl concerning the gestsit of operation of the 1 st of this invention. 
[Dreniving 2] It is a perspective view for explaining one production process of the 
photoGontfcjctive wave equipment concerrung the gestaJt of operation of the 1 st of this invention. 

[OravvingJ3] It b a perspective view for explaining the production process following dhrawwigJZ. . 
[Drawtnn 4] It is a perspective view for explaining the production process following drawing.3 . 
[ Drawin R 5] (A) is the perspective view fractured for explaining the production process following 
drawin g A the part and (8) is the sectional view which met the XB-XB line of <A). 
[Drawing J] It is a sectional view for explaining the production process following <fc:awing,,5 . 
[Drawin g 7] It is a sectional view for explaining the production process following drawing 6 . 
[Drawing 8] (A) is the perspective view fractured for explaining the production process following 
drawing 7 the part, and (B) is the sectional view which met tha VIUB-VI116 line of (A). 
[Drawin g 9] (A) is the perspective view fractured for explaining the production process following 
drjiwtngjB the part and (B) is the sectional view which met the IXB-IX8 line of (A). 
[Dravying 10] It is property <k-awing showing the relation between the light transmittance of the 
epoxy resin used in the gestatt of operation of the 1st of this invention, and the wavelength of 
light 

[Drawing II] (A) is the perspec^e view fractured for explaining the production process following 
drawing 9 the part and (B) is tfie sectional view which met the XIB-XIB line of (A). 
[ Drawin g 12] It is a sectional view for explaining the production process following drawing, • 
[Drawing 13] It is the perspective view which cerried out the cross section for explaining one 
production process of the photoconductlve wave e<|uipment concerning the gestalt of operation 
of the 2nd of this invention the part 

[Drawing 14] It is the perspective view fractured for espbining the production process following 
drawin g 13 the part 

[Drawing ,15] It is the perspective view fractured for explaining the production process following 

drawing 14 the part 

[Drawin g 16] It is the perspective view lectured for explaining the production process following 
j^jrwmg J5 the part 

[Drawing 17] It is the perspective view fractured for explaining the production process foUowring 
drawin g 1 6 the part 

[Drawi ng 18] It is the perspective view fractured for expbininc the preduetion process foBowing 
drawing 17 the part 

[Drawing 19] It is the perspective view fractured for exptatning the production process following 
d rawing 18 the part 

[Drawing 20] It is the perspective vnew fractured for explaining the production process following 
drawing 19 the part 

[ Drawing 2 1] It is a sectional view for explaining ona production process of the photoconductive 
wave equipment concerning the gestalt of operation of the 3rd of this invention. 



[P;:<I^C.22] It is a sec^onal view for explaining the production process following drawing _21 . 

[ Drawing 23 ] It is a sectional view for explaining the production process following drawin g 22 . 

[Drawing 24] It is a sectional view for explaining one production process of the photoconductive 

wave equipment concerning the gestalt of operation of the 4th of tWs invention. 

[ Drawing 25] It is a sectional view for explaining the production process following drawing ,24 . 

(Drawing 26] It is a sectional view for explaining the production process following dr awin g .25 . 

[Drawing 27] It is a sectional view for explaining the production process following drawing 26 . 

[ Drawing 28 ] It is a sectional view for explaining one production process of the photoconductive 

wave eqxiipment concerning the gestalt of operation of the 5th of this invention. 

[Drawing 29 ] It is a sectional view for explsirung the production process following drawing 28 . 

[ prawirtg 30 ] It is a sectiortal view for explaining the production process following drawing 29 . 

[ Drawin g 31] It is a sectional view showing the conFiguration of the photoconductive wave 

equipment concerning the gestalt of operation of the 6th of tMs invention. 

[Drawing 32] It b a sectional view showing the example of 1 eonfifuration of conventional 

photoconductive wave equipment 

(Description of Notations] 

1 C — An insulator. 6 / — Glue lino. ] — Photoconductive wave equipment. 2 — A multilayer- 
interconnection substrate. 3 — Electric wiring. 4 II 11' — Optical waveguide, I la. 1 lb — An 
inclined plane. 21 — Photo detector. 25 35 [ — A substrate detached core. 53 / — An up 
cladding layer. 54 / — A core layer. 55 / — A lower cladding layer. 58 / — The photoresist film. 
91. 91' / — Stratum dt«unctum. 92 / — A Ught-sNelding film. BP / — A bump. L / — Light 
LB / — Laser beam ] — IC chip. 31 — A Sght emitting device. 51 — A transparance substrate. 
52 
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Abstract of JP20001 99827 
PROBLEM TO BE SOLVED: To provide an 
optical wave guide device having an optical 
waveguide warranting a high optical 
propagation characteristic regardless of a kind 
of a support pedestal and its manufacture. 
SOLUTION: This optical wave guide device is 
provided with a multilayer wiring substrate 2. 
an optical waveguide 1 1 , a light receiving 
element 21 , IC chips 25. 35 and a light 
emitting element 31 arranged on the multilayer 
wiring substrate 2. Since the optical waveguide 
1 1 Is formed on a flat transparent substrate, 
and is transferred onto the multilayer wiring 
substrate 2. it has an advantage such as a 
less optical propagative loss. At this time, a 
signal to be transmitted at high speed is high 
speed transmitted as an optical signal, and the 
signal allowed to be transmitted at a relatively 
low speed is transmitted as an electric signal. 
Thus, the propagative delay of the signal 
becoming a problem in the case of transmitting 
only by the electric signal is dissolved, and the 
danger receiving an effect of an 
electromagnetic noise is reduced. 
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C i <!: "T SfSJRJl 4 0 ia«©*«vKi?g©S?jg:^ 40 

t if 6 0 ] mu^^m^i Mt^m^<D'ptji < 
t fe-:^^?gRSTsx?i*j j:j>*mrse«siHiS8^jiBfiS-r ^ 
Xigccfciir. tJia^feaiieis*. *JS«*3R^-*fc«s 
im=f-<o'pt£ < i €>-:^*5 j:?>-BiiiaaisiHis8 imriam 2 

ofcciJ&itasii-rasj^Jis 9fatt©^^ffl?jig©s« 
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B5ia^ii88©me«:EE«FL/fc©^. mria^t^igPiHfria 

^iMBiS i ©PhI llf SIT J: ^ tc b r^Wr ^ C i J; 

0 B5fa«^ms4?eRS;-r -5 J: ^ cc l/c c t if ^ 
^^^5 9^©^i$^i^s©sii»:&& 

[000 1 ] 

■^A!iaiiis^©m^«ia@K(c*jwi^-^©e^-?>. 

^g*j<fc C>'^©SSjS?5 fficc Mf ^, . 
[0002] 

I SDN (Integrated Services Digital 
— V:f-;l'3>fc"a — (Personal Computer ; PC) 
AV (Audiovisual ) W^tl^^fV^ ^ MtS tltcC ttj: ^ 

bxm^m-r^m^ii^mmi^xi.^^. sj/c 

V LAN (Local Area Network) WAN 

(Wide Area Network ) it^o/ctS^iiS* f h •7—4' 

T&^e.. i?!irt-cPC*(p'C»(cm^D°D^Av«s 

h'7-^«r««L. CATV (Cable 

Television&'Sl^tJConimjnity Antenna Television) . 

vi^m- u tf 3 > * -5 1 ^ \imm!sm/'<&mm.mt£ i© 

[0 003] C©J: ^ ^ctf$Re^#SCCJ: orS![M~+ 
<!f*e*{C-?>'3m»5-rSA:»{C«. mt*. 1 0M~1 
G b p sSS©t»«e^S*^M*n-S, Tfeiifi • feii 
-e©<fc ^ )5:m?R{E3SljiS€:l|;^T ^ C <!: 7!>SpJ«g 
-C*i. m«. ?SJSK»S3tiyt3fe'!r--7'>rt/©J:5 
1 0 km~ 1 0 0 km*^A-5.l^to«l>^#^3Sjlft 

[0004] — tiSF*3©jK- KrBl*i.t4S*'- Krt 

i3:i:<ommm.m ■ BM^m^m*^^^nxt.^i,, ^^t^tj: 

■oX. 3fe77-Y>'^'^ + >^^^•?'7fer-1>y>^7^©:)feG 

i^*ffli.»setjis©#s*i*s*^r(,>sfe©©. 3i?fc 

-5S©^R«:WS->rt-i^j:t^. C©afiiLr{J, 3X 
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[0005] — I C (Inteqrated Circuit : ^Slil 
SS>-^LSI (Larcje Scale Inteflrati on ; 
BBS) {cfclfilSSROjt^tcJ: 0 . ^tieoiW'pjfflS^ 

■tU'^CDr i'H2XlpI58-?='"7Jl'?-MPU (Microprocessor 
Unit ) «^©«!iai?gJSi*«:*Jl»-C«. -sji^i^ilg© 20 

f tt©«SE^{ b* S C » ttSE^^ b©MH <!: ?c S i ^^tc . 
EM I (Electromaqnetic Interference) /EMC (El 
^ectromagnetic Compatibility ) U t<DMWr^T^ ^ 'i 

[ 0 0 0 6 ] -g- C-C> E|gS«Jl©*^{*5^ f VmJi 30 

^i8i©m#esfeS8Stctet,»rfe. iaii<t-^©e2i*tT 

(Sailffii bfc^fSII • ji<i->Xf A?:m»?.C<!:*sS* 

ieil©CR (C :ge»©#^s> R :ie^©fii?t) b# 
5eSt«:J:.5ft-^i^?r»?mft. A^omiSeq ^ -C X©U 
e*iSW-5Ci*5-c^f ^©-C. lSji©(i#©SS*^^#fe 

iisc^. SEo-c. • e^©3Htttii8*w»3i{B • 
[0007] 9tmm ■ BM<Dmmmi^=kmmmm ■ mm 

©3l6eJfiii^*5/h$t>Ci*5g^3n^. C©^#^?i 
/c-r 7feetS61i^©/J^$C^*t*4i L-riJ. 5553^©Wf4*5 

^fP^f^fciS^tctt 0 . 1 d B/ c mJWT©(ga5fe^b*s 
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[0008)032 «. a3fc©3lci«E«ESIg©— 
^■rfe©t?*^) (i^B§BS6 2-2 04 20 8^^:^$g# 
RS) . C©^feJ9jg^ilS{J. i»iltB5 0 6«:J;or#i2^ 

iy 'J a >S«5 0 1 ±{C. J; 0 'j: i>^mi^ 5 0 2 
*JJ:C/LS I 5 04?rti^t:t»6. 7fej$j^^!S5 0 

2©Siggp^JS©±:^tc«. S3tlST-5 0 3*sJ:O'^3l6 

$nfcL s I 5 0 4 i-en-en^mwtc^ii^snrci 
ofc^m^ifi. 5^!KK5 0 2©rt»*e»L/-r. 

50 2a-C®WSti. S5fe3RiF5 0 3«:A8*-r*J:^{C 
[ 0 0 0 9 1 C ©<t 5 ia:«^*W^*5l^i!Si^S©iS{jS 

^iurfi. ?iiM^Sia^5 0 5*^?^fiS$n-rcs^'; =j 

>S«5 0 1 ±tC:}fe3i^5 0 2 ?:0^O/c©^. 
If R I E (Reactive Ion Etchinq ; ^jSM.-i 3J*>X v 9- 
>if) ?tt'©S:»14x5'5^>i^CCj:»)3f£^j«?8S5 0 2© 
mm5 0 2 a^ri^'J =i>S«5 0 1 ©*ffi(C*f 0rBS4 
5* i/j:S<fc^(Cj!)nXO. M«:. ->>;=i>S«50 1± 
CCS3fe^^5 0 3 . ^3e^^*i<tCfL S I 5 0 4 «:SI« 

[0010] 

fc3t^i«?^a©Mi*:^ffir «. 53? J; •? S5l£»iS?S8 5 
02?ri^'Jn>SS5 0 1 iiCj^fiSf^J: ^tCL/-C<,iS 

/c*. ?fe^js?K5 0 2<mfm.mt i^xmjmm^m(.> 

[0 0 1 1 ) */c. fci;i316ccj:»jm-^*»««:e3|-r? 
* i L. r . ^;t)«*&-^J:t*5WiKI©&«© =1 > h □ 
-;Hi-^i5:<i:'©e^l». t&^Si U-C«»6«jEiS! (^il 

0 1 itc^^wiaiii Lr©»)a^)iiBii5 0 5 ^mts. 

^©ffi«S«1^YX (la+cinft) ■¥>*5^A-;l/-9--f X 

[0012] c<D?m^m^-ri>tc^K., wM^A^m 

<kc?.*5. c©J:^&il)SX^iCCj;OM<^S 
^■5ie«S«©*M«:(i. m««6.-3*ffi(cJ:f5Jf5fig3 
n/c^©llM*<b'3!)SSS:3ti-C*J0. ^Cxff'-Ki^^. 
-€-©/c«?). C© J: ^ /5:ep)5ijmS«_t:{C7feS?g?g*JK;?S 
■r i . ««affi©IHeiJ^<***7feJ§jS?IIS©J^i^«:i5»=& 
RtS L * 3l6^jSSScWteajS3fe©Jt:*c-^^ffi 

[0013] KK:. i2IISfei:«:^^jgSg5rJf5fiS-r^JS 
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10 0 14 1 *:^?g{J*:'*^■^>ppm*tcM^5fr^c$t^/c^) 
mmmis j: ©ss -r ^> c £ «: & s . 

[0015] *^©^2<DgW«, 7fe^j«?Sg*5^«: 

# S5fe3iSjS?iSa*j J: c^-e©i!Bi:&;ffi4a«-r * c ^ «: * 

(0016] ttc. *^?B©l^3©gW«. S^WE^ 
»||3S3WB»-C* o fen* ■Sll5ii©(i^eSI* 

i±i>ct<Dv^ s^^iSE$iatej;c/-e-©«j»:&ffi*titt 

fSCiK:**. 20 
[0017] 

ASSESS £ /c ©r* -5 , 
[0018] *^tt: J:45fe^jgi^g©$s{jt??fi6«. II 

m 1 ©s«k: cfc 0 s titc^mm^ tmz ©»« t ^ 

*jS?g8«-ll2©««K:«g3frSIg£«r^tffe©-C* 30 
•5.. 

[0019] :^^micj:i>^mi^m&vit. "f-ifoimm 
?gas©rtsp*7fefi-^*5{5te-r s . 

[002 0] *:^Bjic J:?,7l6^i^^S©K®?^ft-C(i. 
^ 1 ©«««:^}#S«: £ L. r JgfiS g n/c^t^jeiS £ ^ 2 
©S«<b*5H«Stifc©^. mi©S«*s|^*Sti2>C 
£ K J: <3 ?!£3ligll8*s|| 2 ©»«(C|S¥ 3 n S . 

[0 02 1 ] 

(^?8©llii©J^SS] «T. *i%l8©jafe©J^!S«:-:>c» 40 

[002 2] (HI ©j»fe©ffJB) *-r. @ 1 «r#ML 
r. :$^Hm<Dm 1 ©*JS©J^SgK:^^,7l^?g§^©»fiS 

[ 0 0 2 3 ] 0 1 », :^m<DmBic^i>^mmmm i 
mwiimm 2 <>: . ^sisiis^ 2 (c^sb e l-c ^ 

^3n/c7K^2g8gl 1£. ytm^'^l l€rX-<— tfiL 

-era {c»^-t?^eiE^s« 2 ±«ci^ s titcS:^m^ 2 
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ri^-So CC-C, t^^i3^S«2 5!)i. *:^BB© r»«j 

fcjcc*^ ril2©»«j ©-:Br»t««:*fjSt/-cc^€.. * 
/c. IC^f:7*25. 35ifi. *:|%^© r^lSIHIBj © 

[0 024] 2 «. 1SIBi©mmE^ 3 

iS3». IC9^^':?'2 5. 3 5. S3t^^2 l*jJ:Uf^ 
^1-3 l{Cfi;^?r«*&T€.ISfiB?:W-rS<!:it{c. I C 
5^2'7"2 5. 3 5i§3tlR^2 l*sJ:0-^^fg^^3 1 £ 

©rarm«<ffii3 > h n -;m#©ss=&?f o 0 , 

J1-g|5<!:©ra-C<t-^g§4tf^««E*WL/r(,^-5. -r^tt 
t)^, ^msesi3». I^JSiE«S«2±«:S*^^2 
1. ^I^^3 l*JJ:af I C?--^:/2 5, 3 5«:3^-r 
■5fc«{>©Sli^>'N'5'->i3l^-C*.2>. Mii^mK-it, 
#S^2 1. ^^^^3 l*Jj:y=I C^-y7-2 5. 3 5 CC 

m::ti*ei*6-r-2>fci*©y7 K 7 >*^tfS«sias 

U'k^tS \ C^yZf 2 5, 3 5 i^^^ 2 1 *J<fcO'^ 
1 £?:tt^T.S/c«>©Eia^j:£'**J^^g*xri,» 

[002 5] ^mmmm^z t c-ra. f?«^«. 

4*5TJl/5:^ (Al, O, ) . 7 S. y 

i;, iJ'^y^-^i.'yX'j^. TJ^5-•5'A:^-f h^-f K (A 
1 N) . 2>.=y A Vf£^<rmmmte^htS.i>-^'y \ v'!?^ 

4 £'©;^f 7:?^ xj|<+ ->lSBi*^ ?> /j: ^ iiv X 
gE«S«-^. a^©;tf7;^i7j<+'>i3e»«±tc|«^ 

B[{B-ciis^BS''^• ^ - > j^fiS* ojtetc o /c. ^is t-'u k r 

Bi. PPE (polypheny! ether) ^Bi. •P3.y-)\>m 

Bi. ij<y3fu7^>«fli (mtff'^'J<>ttS3©^7o 
»«^<^ffl-r s c £ fc-c* 

[002 6] s«Ji6 «. :)fe«a^8S 1 1 t^mwmm^ 

2£©PatC:A-abr*J»3. m«> ;!/^;^i7j<=t^'>«fli 
Aj: £©*i!{ttttl}B§ * fc«?^lieffc1±^Bi(c J: n 
■Ct^-S, */c. -?-©/lS«. Wl^til 0 */m!gS-C* 

C©«^«J96». :^^i!S!81 l£^SSSIIS«s2£ 
?rSa31i-'5>t9:Sll©ffeK. ^gie^»«aM©eiDaSr¥ 

[0 02 7] \ n*. 3t®5 4£, 

=iTJa5 4*HtrJ:^«:i/r?^RS;Sn)''c±aCi'^-y FIB 

5 3*5j:crFa5^7-y 5 5 £{CJ: *)^^$nrc> 

s. c©3tsjgs8i i«. m{«i5«ai5«:. ^jiKiss 

«2©«ffi£tt-ri1-ll*S8»ft <CCr«. IIS4 5* ) r 
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^^Jr^^Si^Sl 1 a. 1 1 b*WL/-CC^€.. J&is. 

yiMim 1 1 oy^mmmMm. 2 ©a® i r^^^ i « . 

rc»-2). */c, <^4ffil la, 1 1 b36S. 3js^l8© r^t 
SStSBJ ©-A(*t^«:*tJc;L/-Cl»S. 
[0 02 8 ] {S^4ffi 1 l a, 1 1 bW. ±aOfc-i:^«C lO 
^®ieilS«2©«ffii^C^^i-ft*SBS4 5' -C*«5. % 
mm 1 1 ©^l-SPAi ^® K^S® 2 ©^® i ia^^T •5. 

15\n\|<cK^ti>im^^^m^itx%wm!^> 1 1 f^^c^ 

AfSi^tJC. 3e»jgJ»l l|*9%^l^-C*fc?l£fi#* 

S« 3 -B-c l^Bffi«««2 ©iffitcESST s:^«cism 

[0029] ±S54' 7 ^ K@5 3 fc.tcrFSPi'^ f F» 

5 5«, t^;^fiS*T^An . 5 2?iS©t^x:7* y-;!/ 

imX.\£2 0 um-Cii^. t-tc, 3TB5 4«, iiSBi' 20 

4>ssf^©:*:#^£«*4. m{fJi*T^*n . 5 4se© 

«t«J^tf 2 0 *i m-C* •) . 6 0 M m-C*/5. 

±815^7 7 f F>i5 3, nrJlB 4*iJ:CrFg|5i' 5 
5. KB 5 5 :3 TB 5 4 ©@«f**s±SPi' 5 KB 5 
3i8J:crF8Pf KB5 5©®»TSJ:0fc;*:*t.»iC> 

^^fr^i§/c-rfc©-c*n«, fife©i5t*4. 

-fSK. y U- K (PMMA ; PDlyme 

thy! Methacrvlate ) 1il£<Ori^ H'WH. jJOJi^'U 30 

[0030] ^7felg^^2 1 », ■e©AS*aaCC3E^jgSg 1 
l*i6AW34iS*^-^*«m(i-^K^^L/r. ^Bi2 

«is«2 «cff5^3nfcms,K^3 tcffi:^-r s^j©-c* 

CC-C. S3e^^2 l©A*tffi«. 3fe««S81 l©ffl«4 
ffil 1 a<t>PftSl-r-2.fig{C. ^^Bi^a«2©iffiii£ 

[003 1 ] ^36l^-?^3 1 «. ^Bi5iS»«2©Smi3 40 

^3*jiO-CI%3fe^^3 1 CcA:t»$nS^Mfi-^5r7fefI 

-^tc^g^o-c. 't<oitm^^mmm^}^h%mm&\ i© 

l^Bl 1 bK:*tb-CttlS*-r.5*>©-C*«3. ^(D—mt 
-< ^— K (LED : Llc^it Emittrinq Diod 
e) ■hm^ihini). Ajfc, ^3t^^3 1 ©mS*ffi«. ^ 

1 1 <Dmm 1 1 b isti^^sfiiLSK:. ^Bie^ 

[0 03 2] I C 5=- 7-2 5, 3 5K«, 
#^Bi^S«2©S^i3IS3«jlD-C«ilg:^m$n 50 
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•5. */c. C©IC5^f7'2 5, 35«. ■§716^^21 
*jJ:yf«^|g^3 1 immie^3«:j:-3t:^«e«j«:«^ 
SnrfcO. S*3gT^2 l*iJ:DfJ^^^3 1 i©far 
«SMi^©SS ^ «tB«:* U -CC > ^. 
[003 3] S*^^2 1 > fE7feS^iP3 1 *sJ:i>' I C ^ 

-^7'2 5. 3 5{c«. {?^x.{^ss>'^*f K (la^-ii-f) *s 
■€-ti-eni9:w?>tirc»4. cti6©Wi-'f •s' kw. 

\m (Pb) ^JiCXiS (Sn) ^^^tti>itA.fc 
(Pb-SnW^/c) J:«3«:-6^©>'0:7- (B^) B 

PtSbri>5, ^Aj:t>^. S3feiS^2 1 . ^3(&5R^3 
liiiO'I C?--y7'2 5, 3 5(3:. T^^i^SS 1 1 

s^^-cffia$n•s<!:^tcc, -'N'>7"BP«:j:-5-c^siei^ 
««2±©«»ES3<tsmWtc^$*ari»2., c© 
>'-«>:?"BP35s. *»I8© r^«ej ©-*f*0!l(c?ptic:; 

Uri».2.. «c4b\ -"O-^'EPi L/r«. ^ (Au) J: 0 
)Q:'S5}<-^l"'^'>-7'. ^St/itJ^ (Cu) /j: i-©5Smtt«t 

n/cfe©*fflCi-SC<!:«>r#^o 

[0034] c©^i6J»«[«Si ©fPffltcoii-cift 
[0035] c<D^Mm^m. 1 -c«, m^it^mwrns 

«2©€SmS^3*>e»««&Sn/c«^«:J:-?-C. Sifeig 
^■2 1 . *3fe^^3 1 te<tC/I C?-vy2 5, 3 5*5«j 
fP5It6ttt)t®i>a:-5. C©ttS§-C. I C?- 7'3 5*>6 
^^^3 lK:^ft#3!)5ta;t)^n.5)i. ^3l£^T-3 1 

twrs. aststifc^m^w. ^wi4®i i bccAS* 
b. mmi 1 b-cssiL.-c3fe^jgssi mtc^A^n 

-e©©^, C©3fe<i^«. 3fe«jKffil Irt^r^fiS 
mm\ 1 arSS*l/-CS*SR^2 l©AStffiK:A 
«-r.S. S3fe^^2 1 CCAS*bfc^-^W. ^{f^fc 
gafeSti-CI C^--'7*2 5CcA:t)3n.5. C©J:'5«:L/ 
-C. IC9^^:^35t IC9^f :?"25i©ra-C^«^*^ 

iisaeiii^ns. t/c, ffiii=3> Ko-^i'ft-^^c^©tb 

mie«3{c<i:-p-cmm<i#©**{Sii3n^. ccr. 

3fem-^©GaiSS3W*^© 1 ©SSj ©— 

cc. ^fi^©e^iIg*i*l%HJ© r^2©iISj ©- 

[0036] C©J: ^ {c:*:||jS©JKJjStc«6i5l^j6^a 

-CfJ. IC9'-:;7"2 5, 3 5, §31£^^2 1 *iJ:C/ffe7fe 
S-?-3 1 '^©S:^©flt*&*s J:t>* 1 C5^2»^3 5-?= I 
^'7'25*='>Ka-iUr •StbtSWiSjarejaS O T *> J: 
i-^m-^tS:, ^Bi5^SS2©^miBli3K:J:ortT^C 
i*5-C#, I Cf^-:'7'3 5 i I C3^-^7'2 5 t<Dfi[Xm 

'^vi&kt^^mmt. ^^1-3 1 , 1 1 *j 

J:CfS*3R^2 l«:J:or3fefl-^CcJ:«3e5l-r4ci*5 
■c#.s. J:or. mmiB«3©CRB#^ccj;.2><t^© 
jl5i©PgjS«:M?g-r.5 didst? ITS. S/c. miSi|iS*f-^ 

-< x©raia^«jg©sLn{ceH-r -ss«(if¥©pgja€r»m 
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[003 7 1 s fc, :^m^<ommic%i>^mi&ms-c 

IC?--^:7'25. 3 5, S7!£f^T2 1*5J;0'^^ 

>:7•BP^^/^^i$^^■■cJltl$t^r*s•5. ytmi&^i 1« 

IC^-:':^2 5, 3 5. S^^=^2 l*Jj:0f^^^3 

i«:3£^s<!;^^{c. /<>yBP*iea-rs:fc««>©;^'<- 

ist). IC9^f7'2 5, 3 5, §7l£^^^2 1 *J<feaf^^ 
^•3 1». ^Sg^»S2±«:S5t(C@5e?tlfS*. * 10 
tc. ^m&l HCJu-dX. \C^vV2b, 3 5. S 
^T2 1 *Jj:0-^5fefgT3 1 immK»3 <b©|Sfit€: 

[0 03 8] ^K. H2i3:<riL/Hl 2%#fiai/-C. Jf:^ 

•rms-c**. 05«:*ji>r. {a)w— suiig* 

*-ri4?I@-CS) •) , (B) kt (A) <DXB-XBiSCC?S 

^-mmLx^tmLmtih*) , (b) « (a) cdvi 

IIB-VIIIB« (08) . IXB-IXBiS (09) . *JJ: 
iy:xiB-xlB« (HID «:?&o/c»rBD«jS*-?n-en 

[0 03 9] ia2«C^UfcJ:5«:. 

ffi4afcS?BS«5 1 trffl.'gU. C<D2I^S5 1 ±{c. 30 
fjilf T'^XvCVD (Chemical Vapor Depositicsn ) 

5 0 0 nm©i:®E'(ti";3> (S i O, )=fc9 
«cSS«^liltB5 2*m-rS. C©»«^I»B5 2 

©r*^. -e-©i?*ffl»t^-ri), ^c*j. -k<I:v;3> 

«. Sli1-«3!Pe>nJ1flig?©3ttc*fU-Ct3S«aW©*tl*-C* 
■5. ^>:CC, SS^!II)15 2J:{C. miiXf>3-hS 
«C J: 'J«?!lx.(*x*=<-->^fli% 2 0 y mSa©l*S «c^c -5. 
J:5tc^^&Lfc©-b. *nSglA!ia*?f<Co-Cffi»i4H-(t3 40 

[0 04 0] iXtC, ia3«:^U/cJ;^«:. ±g|5i'-7-;;K 
®5 3±{C. fi«J^«±gPd»^-y FJS5 3©?l5fiR^ffi<bEI 
molsmic J: 0 , ±gPf 7 Kg 5 3 ©«^«*4 <fc "9 4> 

m9im<om^^im («^^«i-i<+->^fli) 0^ 

[0 04 1 ] ia4K:^L//!cJ:^cc. ^^©vN-ir- 
>©7* h hM (ISTS-tt-r) iJ^RKL. c©7* 50 
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C=.«:gtra L/dSii©a TB 5 4 <!: JSS. 
[0 04 2] iXtc. HSCCn^LfcJr^CC^ 
S«5 1 ©Office, ±g|Ji' K®5 3©Jl^^a<!:l5l 
«©:fr^6K: J: 0 , ±gp^>7 KB 5 3 ilH— ©*t*4<lrffl 
ur;iS3&s2 0 *imgS©TSPi'^f FB5 SSrJ^^T 
^. 

[0 04 3 ] ^c*J. ±SPi'^f KBS 3. 3TB54*s 
<fciytTS5i'7 7 KB5 5«. ^ne>©STJftB±«:3eig, 
^b14<^fli^^7bL./t©^. C©3¥:S^bttm«CS*L/r5lc 
MM^tT o r «fli?:JS{t3 #■& C i CC J: 0 J^fiS-r S J: ^ 

[0 044] ;X«c. H6«c5%L./cJ:^«:. TU^'yyV 

®5 5±«:> m7Lvtm^WL^umim.<oy * Kuy;^K 
©R5t«ia*sJ:a«3K»«yffl%JfiL/r7 * h ui?;^ hies 

6?:^S©-'N-:>->K:J)nXUfc©^. C©>'^■^^->^> 

JiU:<Dse-cttis8i«iar6. cntcj:*?. 7*kus^x 

KM5 6©x-;.i;gp^*saEttl.r. (H6©E 

gp) *ijl^fiS$*T,-5. 

[0045] yiCK. 07(C7nl/i''ci^(C. 7*KUS>X 
CR (Electro Cyclotnon Resonance : ^1--^^ -fah 

o>^m) mum^^xytmm^i i®^:&i±x^.5^> 

^'4^f^. c*i«:J:»). itasaSEBSl l©Sii8»«c. 7* 

mmwsib \ <r>mmttjir9vnifiv& \ 35' -c*^j:5 

*««B1 1 a, 1 1 htmi&^ini>. -e©©^. 7* 
KUi^;^ HR5 6*^*-r^>. 
[0 04 6] ;^«:. 08tC7KL'fca:^{c. «^^«^Bffi 
2 L . C ©^Bffill»« 2 ±.(Dmm<OW^ 

u-^S/c«En)BiJ^^©:^S«:<fc»3. ;y5XX;J<+~>ti} 
flrjC<!:©^feil^btt«fliJ;O^C^./f S 1 0 iim^<omm 
B6%^fi£-r5. 

[0 04 7] 09{C7i^Lfci^(c, %mmti \ 1 
*sj^fiS3n/ca?)3»«5 i©^«fe^siKL. iis-^to^f 
^^y\.^tsiifi hmmm 6 nr c» h^-m^mm. 2 

<o^m& 1 1 t^mmmm^2 t^^mfcim 
-c. 2i§««5 niij3!pe>s^8iBisa«2®j«cisj*>or3fe 

L^MW-r^S. cn«:J:«3. «#B6 ?:1«^-r€.7!£m 
141ISfl§>&iSfbL-. ^®ie^S«2«3fe^i^Kl 1©^^ 

ffi-7>r^ (?gS: giS (4 3 6nin) cfn:*) *ffiC»iti 
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^«:«. lOmW/cm' (Dtiit)-C5^mn^, 
[0 0 4 8 ] la 1 0«, *|litg©fJ^(C*$l,^-C=iTJ15 
4. iSPd'^-.' K85 ateirO'TSP^^-;/ K®5 Sib 

rffl«.»fci5j<+M»fls 1 mm) ©*2ja«*a-r 

mt^om^ (mik : nm) *7nt-CC»^>. 01 Oifih 
ct 0 gt,>i^S©ifi5ili1-^«l*J 0-ojmM«©3l£^ 9 0 % 

1 . S«^^ 5 2 *Jj:0^3feaijgSS 1 1 ^SiSLTS^ 

[0049] ^X(C. ^^i$8S 1 1 K.^mWSSim^2i}m 

m«»C^7-^-(t*^ (HF) *yc«^®7 
-^■fb*3g (BHF : Buffered HF) ^(caf. cn 
tcj;*). 01 ItCTnUfci^tc. aiBfflKS 1 iil^ig 20 

ffil 1 i ©PBiccffjfiS 5 titcmm^mm 5 2 s 

n. Sffi:9-^5 2±©SHJS«5 1 *5^«-^i§ 1 1 A> 

*$^eiBi»««2«cii3f3n4. -e©©^. ^msi 
or. f£ig$-«*^. 

[0 05 0]>>C(C. 01 2CC^l//tcfc5{C. S3l£fS-?-2 
1 . ^#^^3 1 *Jj:0'I C5^ -:'7"2 5, 3 5 ©0^0 

•2>^ttSP^^^-?-2 1 . ^m^3 1 teckO' I Cg^ f 
7'2 5. 3 5©^/^••7 FiC-?-n^nE«0> ^ttgI5*> 

0. /-!>:^BP*?ggS-r5. -e©©-^. S3l£5R^2 1. 
^^-T-3 l*5J;Cf I C5^-^-7"2 5. 3 5^:7 >; 

T^^jSaSl l«:y^-i?*^A&i,iiga©'J7a-«r?f 

7*3 P <!: ^mSHMMm 2 {CtaW 6 n/c>'-<> 7' B P tCSltrSj 

fsme (IBS!) tim.s^*^iti^x^si±. m*sj: 40 

tJ:^(,cJ:^x0'mm^^^^2±<omm<D^iLSl^c^t^tc^ 
-;^h=&fi**&Lfc©%. S3tesR^2 

7D-?rtf r>r4>ckl^ */c. ^^^2 1. ^tIc^^ 
3 1*5J:(>'1 C9'--'7'2 5. 3 5©ffe«:. mtf^'f^* 
SfiJaS. a>-7^>-tf*fc«-^>3'i'3fi6:f©ffe©^T- 

4Jis-r s c 1 1 pifigr*^. 
[0 05 1 ] «^tc. 07n«o^cc^*^ m&i^tc^m 

^2 1 . ^3t3R^3 IJBJrCJf I C5^^'y2 5. 3 Si^ 50 
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mmm^2t<Driiic. m^<,t^m^^=^mmbxm± 

1 . ^^T-3 1 *J I C?- -y 7*2 5 , 3 5 ?:«±-r 

4. C*1(CJ:«). :§3felRT-2 1. ^^/tSif-S lisJiD^ I 
C^--'7'2 5, 3 5<t«aEi»3i©«iK«SBt43&S[fi]± 

[ 0 0 5 2 ] c©j: ^ ic:it:m&<omfSiicg^i>yeMiS.&s 
s«5 i±«:^jw^RSL/fc©^, ^jjBieia»«2{ce^ 

r4J:^«CLA:©T. affi©iaCi*s;*c#l,»^^BiBiS»« 

2^^mwtbxm^='^m^x$>^xi>. ^Btm^ 
©ii>^ci>5fea*»88 1 1 i:m-rhjftmmmsi 1 *ffis{-rs 

[ 0 0 5 3 ] i^yi:. :^:mm<m^icj:tiii. ti'MwrnM 

7-";>hEia»«*ffifflo. c©^^Mieigiss2±«:. 

IC5^-y7'25. 35. S3I£^^2 l*JJ:Of #656^^3 

•r-5<!:i<^'5fie*©:^SK:J:b'^r. 7^£^cJ:S^i■^ill. S 

# -S^fc^jfiilg 1 ^ J: 0 Sffl(cSi^-r 6 C <t *i-C # ^. . 
( 0 0 5 4 ] *IIJS©J^®tcj:ni*. :5E^jg8S 1 

1 ^m^t?,mm-p'oi2::^t^mEsmmw2iwmr^ 

jlSSjfflKl 1*, 5tJSiBKS«2«c|g:?-r*J:5«:ofc 

©-C. R««©SSt(m>K«©±K:«JgJ^fiS*5agf-c 

^ftJg)5tt'©<fe©?^«©S«±tC|S*CC5l£«aa»l l€r 

-sci^i-c^a, C©^*, Tfe^iKSSl l©3t^ 

si*<!:L-c©s« (ccT?«. ^mmmM^2) (Dmm 

0*Ct*s-C#S, 

[0055] s/c. *ii)K©f$^.©j: ^(^^mmmmw. 

2 timicmmS^b 1 {C^«?)5t5^8S 1 1 €:0fiSOr 

3l£a»SSSSl l«:e¥-rS7'a-feX*fflt»S<b^t 

5 , 3 5. mtSli^2 1 4BJ:CJfS^^3 1 ©filtSB^to 
■t^*s^a«:^c»). c©,^-cfc»ig3;3^ h*ffi»rsct 

[0056] *llife©?^<Sf «. Tt^jgSS 1 1 «: 

x^— i^i otr. %mm& 1 1 tmri>^ '>v:.\c^-y 

7-2 5. 3 5. mtm'i-2 1 teii>-^^^3 1 *SI^ 
■r-5.J:^(CL/fc3!)5. ±ao/cJ:^{c. ||$gB#«; >; 7 d - 
5 IStcilSSjSBS 1 1 «: y ^ - i^*-^^ ft c» J: ^ cca 
:E?r«»5jiJ>5***'S. fi£-3r. ^<>:?"BP^;^-^--!f i 
or. TfeiiiggS ll<!:IC9^"y7*25. 35. 
2 l*jJ:afS*3R^3 1 «!:*s|»Wr*J:^{C5^0-C*> 
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2 5. 3 5. ^7(£^^^2 1 *jJ:0'^lg-?-3 1 immK 

[005 7] {m2<D^<mm *»5fe©jK^tj. 3fe 

±i^lP^l©jUfS©JKSg<!:P)«t?*s. Ji<T. mifi 

©}K.®©*3ligi^©SSj§:&ffiK-ot»t:iftB^TS. ^ 1 lo 
3)5:t,>L/02O«. -en-en. SSBSXg*— SHRBrL/ 

r^-ri4tas-c*-5, ^tte. igi©siifi©fl5Sg«!:i^— © 
«fi£SlRK:«lll— ©If^^r-WL. cc-c»-e©l*iffl^clft 

[0 05 8 ] :$imm(Dmmicm^w^i3m-cit. s-r. 
II 1 aymm(Dmm>m 2 -a 5 ccts l fcxg i i^i«(c l. 
•C. Si«S«5 1 ±{c»«^l!t)l 5 2 *j J; zf^fm 1 

[005 9] --Xic. m 1 3 «:7j^U/c<fc ^«c> TfejiSIS 1 
1±{C. F(l^l*7'5XvC VD (Chemical Vapor Depos 20 
ition ) a. mCVUm. 3E/c«3l£CVDSIf©*ft«: 
{^^«/135 0 0nm©-ffir{k->y3> (S i O 
. ) J:*)rj:?,mmm9 l=S:mfS.-ri>. C©HJSItS9 1 
^r*i«5BS9 2 (01 5#M) €:S»?a«J(CK?* 

{C. 2WS«5 l©^St)S:-ri^ft*JISl 3 5* ■C*?^ 

ji':>ti:m^mi i a. 1 1 b (ccrtt. HTK-a-r) * 

[0 0 6 0] ^Xcc, lai 4K:^UfcJ:^«:. mt*. S 30 
^0^c^i»f^©>'^'i»->©7* h hK*J^JSKL/. 

6t,>«*^^liSJ» (O) 7*-7Xvi|:ffli,^/c7'5X-7x-^ 
^^Vd^-^s-f t^- AX y ^^^i/^-^-'^'t? 

<tc;f««^iiiB5 2*s*?e«j«ci^5£-rs. cct?w. 3te 

•mmi \<orm {-rufyi^^ h^^^yv \=mbztm 
«^^5 2 i©^®) ^mi>i^-cmmc^^tr h'SiM 

*5*S-fcit>. Sfea-!Stg5 2*iSWr2>*-CU— tfflSW 40 
*-SC^3:x^,^>i^«:tf^ J:^cc-r^. cn«:J:0. * 

'mm 1 1 *jj:(>'-?-©±K?K(£$n/ciijgiM 9 us. 5 

C^{Cg|FaOfc|fi?&©3fe^iKSSl 1' *$±0'iHJf»S9 1' 
-^i^Sn*. IB5*t-*S|555-*sil««:j:»3l«fiS 

icj: f3^5fe-r'S J: CC U-c J:c^ 
[006 1 ] -^^tc. m 1 5 KmUfeJ: ^K. S?8»S5 
1. *^?SS81 l*iJ:0'iiMg9 l©smS^Wc. FiJ 

7LkmMm^i>^^\t:^^^-j i^sjcjco . t>ii;^.(i;s$ 1 0 

Onm©^aA (C r ) J:'5i^SS*«9 2*J15s£-r 50 
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S. JScte. ii*)g9 2{i, ^-r-5>lt^J16€:S^Lt: 
*B«c*mr*n«i'aAJiij^tt*4*fflc»rfeJ;c^ * 
[0 06 2] hi 6k:s^o/cJ:^k:. * 

1' 4?§«^5fe-rsci«:j:o. iyjiiJi9i' tmvx 
cr^c*?-^. ^^j^i i±©) m^mQ2^mvi 

1 l©±®©*3!)iSffiL/ct«!Si)5:*. 

[0 06 3] ^x<c. mnx.n^htcjii'yic. ^mwstm 
« 2 V . c ©^BiBiig»« 2 ±aym^<ommc . 

fi6*/c»EnJPiffi^©:&Stcj;0. *'-7Xx#+2x«flgJic 
<!:©*>S^ki4«fliJ:0«c-5/?3 1 0 *nngg©SI«JB 6 

[0 064] ;^«c. 0 1 8(C/T^i/)fcj:^{c. FO^tf. m 
»ssi 1 ' im^^tifcmmmw.^ i *5^tfts^3i± 

r. ^®KlgS«2«r^^j^l I' (cS#L./c©^. 

l©ffiiJ*i6^^ffiiSSS2©:&|S|{C|S]l:fr5t 
L«:JSStr.5. CC-C«. ®36IS9 2*i. :M£3»jSS8l 
1' i«g®6 <»:©l?®{C»Ji5fiS^nTfc6T, T^^iS 

iisi 1' (Dmm^Jazj^mmwsL^ i©^€eBi^s^2<h 

©*frSiffi©^%©*3SjS8Si 1' imWL^in,x\.^tji\,^m. 
igt©;?^ccjf5^3nrt»s, se-:.r. jgajs^s Hfj*^e. 

MS*Sn/c:JI£L». 5!c2S?SESSl 1' ASJ^fiSSntt^^)^ 

^A{ctei^r©;?*S;©®6*-c©i«b. -€-©<fe©M^B 

©Tge©^J||A©*^*5@!'(bu. -e-©fte©^*^B«7l5g|{b 
(Dtittsi,. e-ur. c:©«!<bUfc*feBJB6«:j:«j. 
^)li3^S«2t3:^S|jS8gl 1' tcH^Sn^. 
[0 06 5] ;XK:. a 1 94C;5^Lfc<t'5K:. gS®6© 
^^©. ®7felS9 2«:j:f)56L*J.^3nt*K:*g?{b© 
*S©M^B©^Bg«r. m«T-bh>*4l^Wxaf^ 

[0 066] 02 OtC^l^fcJr^tC, m«. K 

M9 2 ^^)SL/c©iS.. m^ictm 1 ©*!ife©Jf5^.©S 1 
1 «C.^UfcXg©:^ffiil51«©:&iffi-CS«^M® 5 2?: 

«2(Ci£^-r5. teiT©Xg«. mi©ll*6©?^S<i:|g 

— f 

[0067] c©J: ^ «::*:||it©?K«r». ^2?)®bjs 
«5 i©±tc, m^tc^m^titcwm<Dytmmssi r 
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1' ^m&Kl 1' 0fi£^«©TffliJSP55- 

[ 0 0 6 8 ] */c, C C-C»> 3psj^t^*i^t«:<D«|^© 

c 0 0 6 9 ) (1^3 a)^<ojm.) :fi^m(om 3 aymm 

Jg:^ra«. imumi l(0«^B51 1 a. 1 1 b<D?fJES 
HIT. 02 1 ^Ct,>LH2 3«:#Ml/rittHj-rS. 

[0070] *|©6©}^Si©«IS4M©J&^«6f W. 9; 
r> 02 1 {c^U/c<fc5«:. ^B§SS5 l±K:S«:»g| 
115 2*/M.r±Si5i'7f Ka5 3, 3Te54*JJ:u: 
TSRi'^ Kg 5 5 ifil^ts^^mm^ 1 1 ^W^lSLth. 30 
^XK. rad'^ KS5 5±{C. msiTJl'S-'i'Aj; 
f? tj: h^Km 6 0 ?:^.«aic J: 0 JKfiST ^ . '^Xic . #BI 
IS6 0±(C7* h hM5 6*J^fiX(^/c©%, 7* 

h hjg5 6«:^S©S36*sJ:Cf3S»«ia=&tfiur 

h uyx I-JR5 6^«^^«**7xfe^iasjii±©jas-c 

ftBft«ia-rSC<!:K:J;»), 7 * h Ui^;^ hM5 6 ©x 
i?gi5»K:Mi4S E ^rffjsSt" ^. 

(0 07 1 ] ^X«c. S2 2(c^Ri,yc<{:^ic. y^hi-iy 
;^HB56*v;^i7ii^r#Blg60*i^>f^>i'L/ 40 
■C, ^)lK6 0©M«gB*:7* hUi^;^hJS5 6©«S4 
ffi E (CSft Ic. L /cff>t^©MS4ffi F i T ^ o 

[0 07 2 1 -XCC. ia2 2K:7j^Ufc<i;^iC. ^Jg6 0 

*-r>^i'tur3fii©fte*>e>0aA«co, 

rj:i:(DU-V^LB(Dmiim\ 3fe^j^8S 1 1 *^»r 
•rs. C©tt. ^fe^i^l l©Sga5<!:/j:S^»fS*i, 
1©S#:&|6| (3te*fi:&lS|) CC*fLriB84 5 
' CCMI4C'fcM$4Sl la. 1 1 b J: -^K-TS. 
^tim©XS». lll©jlSfe©Jg,«ilBl»-C*^. 
[ 0 0 7 3 ] C ©J: ^ «:3»i:SIJt©JKffi{C J:ti«. 50 
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?S1 l©ffia5©<®Mffll 1 a. 11 boymmi:. tf 
^l£LB«:ifS©ftg*>e>MS*L.-C7l&«jga81 1 ^r^Wrt- 
1491 1 a. 11 bi:mi^ri,m^J:*}i>. fiS[^< . 
* fclS^iCJ^fiST €. C i *J-C# 
[0074] (04©j|*6©J^^) *»?«©l|4©Slii 

©}^,®». its»«!8©i?Ji:^tcMrsfc©-c*o. -e 

®«m<t L/-C©7t«j^*?S©^»^gmi. SlCc^nU/c 
4>©<i:l5l«T*^. *ll«fi©J^JS(C«fe43l£2»a?i|g©ii! 
jg:)^ttB. ?l£iSiSS8i i©<^nii 1 a. rib©0fiS; 

jste. cn6©scc*j(,ir. Ili©llti©0^<!:i5— © 

[0075] *jfeSS©jl&,^-C«. 02 4tC7Fb/<: 

fKJB5 3. =iTa5 4*J<l:iy^TSPi'7--' KJ15 5*^6 
ft*3l^«8Sl I'&JKfiJE-r*. 

[0 07 6];>:{C. H2 5K:^b/cJ:^«:. 5tffiSTb 
«:>ffU-CK4 5* tC<9i4-r.S2o©®IX')t^^®Ta* 

1 1 *«fiS-r 4±SPi' 5 FB 5 3 . 3 TB 5 

4 te jcoTSPi' 7 KB 5 5 ^mm-ri>mmfm<Dij^ 
;^ig^iasfea:©figccflas»^'5. Mt^-c. ttiisisn/c 

i^mmri,. it^-s-cfena. ^siBi^ste 

2©£M«:?flofc:^[oJ«:t- K -^-^UT^ri^KiS-lf -SJ: 

[0 0 7 7 ] ^XK:. 02 6(C7nLfcJ:^{C. t-h->- 
JUT*|tBiS^S«2*^6aX0^Si. ^fe^iS^l 1© 

5fe»«!Si 1 ©S*:;&iSjK:*K^rBS4 5 • {c<ii4L 

)t<®i4Ml la, 11 htrj:i,, ^cfc. IMia5H©^ffltc 

«. »^jfcj:o;^*A (jjnxs) K*i^at-r.s. c© 
yt«>. »«5 i©x*AK©?^giffl*. m^Ljtt. 

>KS«7 l©iF^SCcWL.«{:t. g<Bf^-rSo C© 
mmicJ:^-^. 02 7(c^0Jt<fc^«:. iHgilH©^H© 
>^*AK*SK^*Sti4<bJ^tC. 3lc*jKBSl l©±ffi«¥ 

TfeiiStSSi i©fSi4Bi 1 a, 1 1 b*5%fisrs. -en 
m©xfi«. iii©jl«fe©j^si<tps-r*«>. 
[0078] c©j: ^ v::$:m^<ommv:j:rnt. 

SSl l©ffli4Sl 1 a. 1 1 b^t- h->-jUT©S4ffi 

TaiCcfcorj^^-r^Jc'^tcu-ct^-sfcJi). cne>©ffi 

I4ffilla. 1 1 b*t- ^•>-;^T©^4ffiTa<!:|pI— 
©Mi4ftSK:JK^■r€>C<i:*i-t'$. <^S1 la. 1 1 
b ©ffiS^rig* C t *J-C ^ -S . 

[0079] {mb<om^<mm *^©ii5 ©uss 
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m-y^mt. i(o^m \ i a. 1 1 h<m^ 

[0 0 8 01 :$imm<Dimv\t. 02 Stc^nU/c 10 

-^K85 3> 3TB5 44iJ:CrFgPi'7f KJB5 5*^6 
[0 08 1 ] y^CC, 02 9{C^KL//cJ:e>«:. iXMiS^l 

3»35prsi) {cjtu-c4 5* ©fte-cwK-r* (ia2 9©F 

Si5) . 

[0 08 2] ^XtC. 03O«c5^l//c<t^K:. ^»rS*afc 20 

4 5 • vmm-r^mmm 1 1 a ^missi, c ttt^x^ 

[0083] C©J: ^>CC*|^©Jf$^{Cj:n{i. 
SSI l©«i4ffil 1 a^t»«9«JCcp^T*<i:^«<:L.-r(<> 
•5/c». nPMl 1 a©WK*iSi*^C<!:*i-C*^.. * 30 

ffiiC?S-o -caiSM?»J3 n/c^^j^SS 1 1 ©ffiffiJEUX^r— 
mCX^T^ C i*5-C# S©-CJffP-^-C&€>. 

[0084] (^6 <D^<mi&) ^mm<om6<fymtSi 

G>mmit. -s;3fe7T-/A^3ic-r7^-^©iM^fi«:?f 

-r-5.fe©-C**. 03 1«. *IIJ6©JKJSK:{i&S3E3SjS? 

^omm^^^r^. 40 
[0 08 5] c©3t3ijgsigK. ^mwB.&m.2 

icmjSi^titc^mmmi li. ^giei^«2±{c^>-> 

:/B P LT ^ nfc^mffl©^3l£m^ t L,r ©^ 
ffi^3t:S©L'-1*'5<''f ^- Kl 0 ltea:C/I C^-^:?"! 
0 2 <t. ^@ffillS«2(C«feji*n/cS*^-?^ 1 0 3 
^JiiBilaS«2±©S3l£3^^P 1 0 3 i*MS|-r«>{as 
«Cieg;Sn/c— ;K7fe:7T'f-'^•2 0 1 i?r<i;^.ri,^.5>. * 
fc, ^iiie^e2±(c«. u-if K 1 0 1 © 
|glbllSS-?>. l-7>;^'f>b--^^>;^T>:/fe<b'©S(t so 
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lasgtcRa s n sfl6©iais^D'ii4«ts-r ict i)^m 
[0086] ^m^m 1 1 m <Dms&<Dmm(oijm 

S2{cH«$n-Ct^-£.. 3fe#?SKl 1 ©-«!«:«. 
ffi®»«2©«ffii)5:-ri1-ft*«l54 5' -C*»). JSWM 
i l/-C85t|-r-5<^4ffi 1 1 a*5JgfiX$nrt»So 7lc«?g? 
S§ 1 Hi, <^4E 1 1 a©{4g*s^lg-?- 1 0 3 ©ifJ;* 

«. «jt-r'5*©?K«tJ:*f.crffiS*WU-cc^-5, 

[008 7 ] —1c>.^yr^^<2 0 1 «. rtgPK:?^fi!c24^ 
/c7 T-Y''^3Ta2 0 2t. 7 T -/^^'='T®2 0 2©i^ 
a{CJ^^Stly^:7y-^/^•i'-7^» FJB2 0 3 <k*>6«R£§ 
ti. -^S&ifi^^^ 1 0 3*^6^^©l£it/<:t:tgtFBl^ 
^^^ic^bflbtiX^^^. 7t -^>'^•^T®2 0 2©ii:S 

[0088] c©7te^jgsigr«. u— tf ^-i-:*-- K 1 

ti, *a|?gS8i i^eteur. 1 a-cJS*fL.r 

ajs*5feL.., i ut:-:B7t:7r >'^'2 0 1 i,mm^<m 

A5ti5>, — >-ii;7lc:7T'f>'N'2 0 lifihliit)^tii> 

AS**L, . w. 1 1 (oimm 1 1 a ^^ts^m 

i5S!««2©j2;t,^^^«:MWSn^*i, «Mffil 1 ar 
W6n.5:)tS»*>T*>-C*»). AmL,„©«i^<!:» 
S*3R^1 0 3©SifeSPl 0 3a«:!RjR$n*©-C. 

( 0 0 8 9 ] C©J: ^ «::$:j|JS©J^^«cj:n«. — 
7r-<-'^2 0 1t. S3tSR^l 0 3^U— If^^-f:*— K 

1 0 1 i©ra®i2a©aSfi*i:^#< i^ct). h 
-c. *>ottig©Ac^3feaism*-:^cx->»ui-rsc:t*5-c 

[0090] l» < -:>*i©llli©}^Sg€r^Cf r*fi 
I3?:^BJ 0 /c*5 . *^B^«±ieSI|]fe©?^.^(cK5e S ti 
S<b©-C«J5:<. ia^^$oJ#gr*-5>. t^;i«. ±iS^ 
]te©?^JS-C«. ^»6©±{C3lfc5»jeKl 1©TSP4'^ 

K8 5 5 ^mm^'^fcm^s.t Ltci)^. mmm 6 ^ttsp 

fe. ^Jlieiiaffi2«:?fe#jgEl81 141i3ff S^tc. s 

K)15 3*?Kfi5Et'?c<,^1t^i-r€.CifcpJ#|-C*S, C 
ti6©ife^. 7£3I«?K1 l©ffJ^7'a-bX?r@BSib-r5 

( 0 0 9 1 ] */c. ±IBII 1 ©lli6©Ji5^r«. 
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[ 0 0 9 2 ] ±i2llJ6©JgJ!8-C». ««^WB 5 

2©Jf$^W4iU-C-K{bv;=i>?rfflt^S<»:*tC. C 

©»«^SIB5 2^:»t,>7 5"fb*3g;^§ig. *^>t^i^« 

7 -i^K:?>c##WTSS»fStS 5 2*^^0. S 
«^fiiB5 2 i^j^SSl 1 i^cn^©iiffi-c^iits 

•tt-SCifcnJtg-C*^, HOC. S«^^5 2*T^l'5 
-■5 A (A 1 ) ■?>^Ad:i'©'i»x V:Lv^l'if^Wi^ 
BI«l4K:ii3JfJfiKb. C©SS^}IS®5 2^m»SK 20 
(HC 1 ) . ^KK^b:^ h (NaOH) ASl^lJ* 

K^b^y-fA (KOH) tjiE<omm'km\.^xfmf^-r 

( 0 0 9 3 3 ±f^5!l©?^SS-C». jmrniRb 1 

i L-C535*'7 X^c £©5tSiatt«*4?:ffl<-^fc*5, 

iJ. CT;i«5<*a%t^T©#:7 f-fbTk^^fgicarct 
[0094] Itfc, ±i2|IS6©J^Si-C«. TlcJKHgS (« 30 

^ffi 1 1 a . lib) "g^t^ig 1 1 <rmm±»v:.WL» 
Z^'yicLtcifi. 3TJi5 4©*Sffi©*K:a9:i:t5J;^K: 

[009 5] 

«2 4©c^-rn*^ 1 miici&m<D^m&^s.K.j:tnt. % 
mm^^mmBim^b.^^, c©31c:»?8?k*»« 

•rsa«©«^^j^«i«:ijssnr{c-^©!m4«:tiffi 40 

[0 0 9 6] !^«:. it*^8:rj:Ul/t»:*]12 4©l>m 

«'i9(ciBiS©7^r$i@K:<f:ni£. rssssmmim^ 
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jBtB^nsi^tc. m®6^^-<x©gjs«:Sit^*j-en 

•ffi'prji^ri*). ^©^m. jS9^©SLti(cjaH-r*^S(){lF 

[0 09 7] */c. iij}?]12 5)&:t»Uif*^6 1 ©t^-r 
fxi)^ 1 :^{ciEtS©7^^j«?^g©SS^:^»fC II 1 

©S«Ji{C JfJjS S n/c*J3ljSS§=Sr^ 2 ©S^tCfe^f S 

feii{C©;5fJI$ERpjeg-C*ofc5fe^j^8S=&. ffi^©M*4*i 

MnfcS^^rfflWiSCifCjrO, 3(&eSB»5fe©^J&:l»3e 
«S?|g«rfP«-r 5 C <t AS-C # S . 
(0 09 8]«F«:> 18*^3 4^cC»l/fiS«^3 6©(,»t' 
n*> 1 :^(CfaiS©7fe^vSilg©S3j§:>3ffiK: J:*a«. H 1 

n6©7t«i^«cs^^® ?r/^ L. 2 ©s«*«« 3 

«:itjt.r •&MiS©*?»*jSf?fi^«:S5tL/rge^b3-&s J: ^ 
(cL.fc©-c. ff,^©s«©^M©«gJS(c. ac>tc:S-gi3 
nfc^©3^jg!S*«¥-r* c i3ai-c# 

[0 09 9 ] it^:53 9^CC>Uit*^6 1©C>T 

n*^ 1 ]E«:iB*g©?t^jKi^S©Kig:&aK: 1^2 

i^«*fflt^sj:^«:o/c©-c. mmw^^m\.^xmm 

±«:mmwe^*0^b/c©%. ■?-©±tc3l£*j^8S*J^ 

CO 1 0 0 ] ittc. ntmA Qtim(o^mmm.(owm 

A©ii>/j:< <h«> lS*^tf*)©*ffli.>-5J:^{cO/c© 

f. 3i^?s?K©*m=>;^ h©is«^b€:iasci*s-c* 

[0 1 0 1 ] 19*^5 2IB*S©3l^j«?$IS©S!Bi 

:^«:J:ti«. 3^ja!!8©ii>!ft < i *>-4SSP©««4®© 

^BrT6CitcJ;0?f '5J:^«:U;^c©-C. ^M?i5^7'a 
■fex©*{cj:«)J^^-rsti^<fc*) fe. »SM<. *fcfa 
#{C J^JStT 4 C <!: *iT7 * S . 
[ 0 1 0 2 ] */c. n^mb 3fB«{©*SS?KJ|g©Sfjg 
5tiSSPCCBff«©fta©<^iB*W-rSJra 
«0:*«:*Dl*«SL-C56«iSSStC«iAT* C t tC J: •) 

?8©::i>^c < i 'h—mm^msm^cmxr^j: ^ «: l/c© 
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[0 10 3] tfc. m^ms 4ii^<D^m^^m<Dm^ 

[0104] $tfc. OiB«S©^«KgJCj:ti 

-D-tbXmmiri>J:^(^utc<D-C. ^m-^tfcit^ 10 

2 ] *^©m 1 (om:m<DBBic^i>^mm^<o 

[05] (A) «04(CigS<»j&XS?rgiBJ-rSfcJ?)© 
— gPK»t C'fc*4mH-C* "5 . ( B ) » ( A ) ®X B - X 

[06] 05K:«i<SBSXig«3tlS-r'&/c8b<D»tM0-C 

[0 7 ] 0 6 {CiK< i|jSIS*Si?B-r Sfc*OWrS0-C 

[08] ( A ) «0 7 i^i^<mmiLm^mm-r^tcisb(o 

— gPK»rL//ci4m0-C*«3. ( B ) « ( A ) ©VIIlB - 30 

[09] (A) im8icm<mmxm^m.mr^fcit)(o 

— gPffiE»r L/fcm0-e4) 0 . ( B ) ( A ) ©IXB - IX 
^+ i'«flt©?feSia* i3t©JSfi t ©M^4«f !^0 

[011] (A) im9icm<m^m^m.m-ri>tcit> 

<D-mi&i Ltc^mv$> 0 . ( B ) » { A ) ©XIB - 
XlB*i!{C?Sr>fc»rffi0-C*«>. 40 
[01 2 ] 0 1 1 «:i^< t!|jgXig^3tlST-SfcS0©KS 

[013] *i%?3©ll2©IIJS©JBS«:^.S7lc«j^ilg 
0!>-S!jgX^«:l!i?3-r S /cfe©-a5»rli L fcm0-C* 

[0 1 4 ] 0 1 3tCi^<Si^S€:lftHJf -S/cAO-SP 
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[0 1 5 ] 0 1 4(fcm<mmjLm=kviimritctb(D—s^ 
C0 1 6 ] 0 1 5«:ig5<»jgxe*siBjrsfc«>©-siJ 

(0 1 7 ] 0 1 6(C^<»jSXg*lftWrSfcd6©-gP 
[0 1 8 ] 0 1 7 (C^< SJSXS«:SiBj-r5/cJf)©— gP 
[01 9 ] 01 8tCiK<SiitXS*SllB-rS/tab©— 
[020] 01 9tCgg<SJjSXig?:Sft?B-rSfc«)©— gP 

[02 1] :^^m(om3<Dmi&<Dmi&icghi>iKMm^m. 

(02 2 1 02 1 {C^<SjgXg*ISi?«-r^>/c««)©»r® 

0r*>-5. 

[02 3] 02 2tCigE<SJiSXie*Si?S-rS/c«>©Wrffi 
0-C«>.5. 

[02 4 1 :^mm<Dm4<Dmi<Dmmicmz^imm 

[02 5 ] 02 4{CiK<S3j£XS«:l»WrS/cJ«>©»r® 

0-c*^.. 

[02 6 ] 02 5(Ci^< S!{jSX€'&Sil^-r'&/c«>©»r9 
0r«.-S. 

[027]026(C«£< Ki^g^lttgBf i> tcltXDmm 

[02 8] *^?B©l|5©SI)5fe©J^^{C{?^.2)^ifi*^fi 
©-18j&X®*itt?BT S /c«t>©Brffi0 1?* * . 
(02 9 ] 02 8{Ci^<Si£ia*SiWr-5/cJ>t>©Wfffi 

0- C*-5., 

[03 0 ] 02 9icm<m^m=6:^mri,tci!t><Dmm 
[03 1] :^^(i^<Dm6<Dm&<omieiic%i>i(Mr&^ 
[03 2] mi(D^mm^s.o>-mfiim^m-rmmm-c 
[??#©ift?8] 

1 - jfe^j^ssig. 2 3-^m£wi. 4 

•«feg». 6 11. 11' •••Tti^jSK. 1 1 
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